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Abstract 


The  results  of  studies  of  the  storage  stability  of  ascorbic  acid,  thiamine,  riboflavin  and 
niacin  in  fortified  ration  pack  components  are  reported.  Fortification  of  selected  ration 
components  loith  ascorbic  acid  and  thiamine  was  found  to  be  necessary  but  fortification 
with  riboflavin  and  niacin  was  found  to  be  unnecessary.  Additional  carriers  for 
fortification  with  ascorbic  acid  and  thiamine  need  to  be  identified.  Conditions  in  most 
.Australian  Defence  Force  warehouses  lead  to  rapid  depletion  of  ascorbic  acid  and  thiamine. 
The  results  of  analysis  of  the  1986  and  1987  procurement  of  rations  are  reported  and 
discussed,  including  a  nutritional  assessment  of  the  Individual  Meal  Combat  Ration 
(IMCK)  and  the  revised  Combat  Ration  One  Man  (CRIM).  Some  nutrient  levels  in  the 
IMCR  were  found  to  be  inadequate  The  energy  level  of  the  CRIM  was  found  to  be 
deficient  for  typical  users  due  to  lower  fat  levels  in  the  revised  ration  packs.  The  CRIM 
was  found  to  be  deficient  in  copper.  Adequate  levels  of  ascorbic  acid  and  thiamine  in 
CRIM  at  the  time  of  consumption  are  dependent  on  adequate  fortification.  The  assessment 
of  compliance  with  salt  specifications  stated  in  terms  of  added  salt  was  found  to  be  almost 
impossible  Some  deficiencies  in  the  rations  are  related  to  failure  of  some  components  to 
meet  specifications. 
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Laboratory  Evaluation  of  Australian 
Ration  Packs 


1.  Introduction 

Previous  reports  (James,  Lichon,  Tattersall,  Thomson  &  Hancock,  1988  for  last  in 
series)  have  detailed  the  results  of  analyses  of  ration  packs  from  preceding 
packaging  programs.  This  report  discusses  the  results  obtained  by  analysis  of  the 
1986  and  1987  packaging  programs  and  reports  the  results  of  storage  stability 
studies  of  ascorbic  acid,  thiamine,  riboflavin  and  niacin  in  selected  fortified  ration 
components. 

A  sample  of  each  ration  component  was  analysed  for  moisture,  fat,  protein, 
ascorbic  acid  (vitamin  C),  thiamine  (vitamin  Bl),  riboflavin  (vitamin  B2),  niacin 
(vitamin  B3),  and  salt  if  a  specification  existed.  All  components  of  the  Individual 
Meal  Combat  ration  (IMCR)  1986  procurement  and  the  revised  Combat  Ration 
One  Man  (CRIM)  1987  procurement  were  analysed  irrespective  of  the  existence  of 
a  specification,  allowing  nutritional  assessment.  CRIM  was  revised  with  new 
menus  based  on  the  recommendations  of  Forbes-Ewan  and  Waters  (1986).  Values 
for  carbohydrate  were  estiniated  from  the  carbon  contents  after  adjusting  for  fat 
and  protein.  Energy  values  in  kilojoules  (kilocalorie  =  4.186  kilojoules)  were 
calculated  from  the  values  recommended  by  Thomas  &  Corden  (1977).  The 
rations  prepared  at  Materials  Research  Laboratory  -  Tasmania  (MRL-Tasmania) 
were  examined  for  microbiological  quality. 

These  evaluations  are  based  on  the  nutritional  requirements  stated  in  the  Army 
Staff  Requirement,  No.69.1,  Operational  Rations  (Director  of  Logistic 
Development,  1983).  These  requirements  are  interpreted  to  be  those  of  the  average 
Australian  soldier,  who  is  approximately  75  kg.  His  requirements  for  various 
grades  of  activity  are  listed  in  Table  1,  as  suggested  by  the  National  Health  and 
Medical  Research  Council  (1987)  and  recently  revised  (Truswell,  1989).  Recent 
studies  (Morrissey,  Forbes-Ewan,  Waters  and  Gregg,  1989;  Morrissey, 

Cavanough,  Forbes-Ewan  and  Waters,  1990)  have  shown  that  the  energy 
expenditure  of  Australian  soldiers  engaged  in  typical  military  activities  range 
from  14,000  kj  to  20,600  kj,  with  16,000  kj  being  a  typical  expenditure.  This  level 
of  activity  is  therefore  equivalent  to  a  grade  3  level  of  activity  in  Table  1,  rather 
than  grade  2  used  in  earlier  evaluations  (James  et  al.,  1988). 


f 

Table  1;  Nutrient  requirements  of  25  year  old,  75  kg  man  per  day 


NtJTRlENT  REQUIREMENT 


GRADED 

GRADE  1 

GRADE  2 

GRADES 

Energy  kj 

9,000 

12,200 

13,800 

16,000 

Protein  g  (minimum) 

70 

70 

70 

70 

Protein  12%  energy  g 

- 

86 

97 

113 

Ascorbic  acid  (Vit  C)  mg 

40 

40 

40 

40 

Niacin(Vit  B2)  mg 

14.4 

19.5 

22.0 

25.6 

Thiamine  (Vit  Bl)  mg 

1,1 

1.2 

1.4 

1.6 

Riboflavin  (Vif  B3)  mg 

1.1 

1.5 

1.7 

1.9 

Sodium  g 

0.92-2.3 

0.92-2.3 

092-2.3 

0.92-2.3 

Potassium  g 

2-5.5 

2-5.5 

2-5.5 

2-5,5 

Magnesium  mg 

320 

320 

320 

320 

Phosphorus  g 

1 

1 

1 

1 

Calcium  mg 

800 

800 

800 

800 

Iron  mg 

7 

7 

7 

7 

Zinc  mg 

12-16 

12-16 

12-16 

12-16 

Copper  mg 

2-3 

2-3 

2-3 

2-3 

Description  of 

Basal, 

Normal  8  h 

Moderate, 

Strenuous, 

Activity 

Maintenance 

light  physical 
work/day, 
eg.  Clerical 

e.g.  Infantry 

e.g.  Labouring 

Sources;  NH  it  MRC  1987,  Truswell,  1989.  Whilney  and  Hamilton,  1984. 


Recent  evaluations  Games  and  Forbes-Ewan,  1981;  James,  Forbes-Ewan  and 
Thomson,  1982;  James,  Tattersall,  Forbes-Ewan,  Hancock  and  Thomson,  1984; 
James,  Lichon,  Tattersall,  Thomson  and  Hancock,  1986)  have  noted  many  cases 
where  fortified  ration  components  do  not  meet  the  vitamin  specifications  (DPI, 
1984/8).  In  some  cases  the  components  passed  specification  for  vitamin  content 
when  tested  at  procurement  (Australian  Government  Analytical  Laboratories, 
personal  communications,  1981-1988),  or  were  obtained  from  reliable 
manufacturers,  which  suggests  that  many  of  these  components  may  have  met 
specifications  (DPI,  1984/8)  at  procurement.  This  leads  to  concern  that  some  of 
the  vitamins  may  have  poor  storage  properties  in  the  components  selected  as 
carriers. 

All  combat  ration  packs  are  required  to  have  a  shelf  life  of  at  least  twelve 
months  in  temperate  areas  and  six  months  in  tropical  areas  (DLD,  1983).  In 
addition  there  have  been  demands  on  cost  grounds  to  extend  the  life  of  the  rations 
to  two  or  three  years.  Recent  observations  by  field  observers  from  this 
establishment  (Forbes-Ewan,  Personal  Communication,  1987)  show  that  rations 
are  being  held  in  storage  for  at  least  two  years.  The  normal  procurement  cycle 
means  that  components  are  acquired  over  a  period  of  several  months  and  then 
packaged  in  the  ultimate  ration  pack  over  a  period  of  a  year.  Thus,  the  individual 
components  must  have  a  shelf  life  of  at  least  two  years,  and  preferably  three  to 
four  years. 

The  vitamins  of  greatest  concern  have  been  ascorbic  acid  and  thiamine  due  to 
their  well  documented  poor  storage  stability  (Kramer,  1982;  Priestley,  1979). 
Riboflavin  is  very  susceptible  to  degradation  by  light,  however,  in  rations  it  is 
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normally  well  protected  by  the  packaging.  There  is  some  loss  of  riboflavin  due  to 
heating  of  some  foods  (Heidelbaugh  and  Karel,  1982).  Niacin  is  generally 
regarded  to  be  stable  under  most  conditions  of  storage. 

Vitamin  degradation  can  generally  be  modelled  as  a  first  order  reaction 
(Glasstone  &  Lewis,  1963;  Priestley,  1979),  when  the  vitamin  is  the  rate  limiting 
factor,  with  the  general  equation : 


where  x  is  concentration  at  time  t  and  temperature  T;  a  is  initial  concentration;  A 
is  a  reaction  rate  constant;  E  is  the  activation  energy  for  the  reaction;  and  R  is  the 
gas  constant  (8.314  J  mol  ’K  ').  This  becomes  a  linear  expression  using  the  natural 
logarithmic  transform ; 

Jog*  Ooge(a/x))  =  log^  (t)  +  log^  (A)  -  E/RT  (2) 

If  the  equation  is  modelling  degradation  then  the  exponential  term  must  be 
negative,  ie  A  is  negative.  This  form  of  the  logarithmic  transform  ensures  A  is 
positive  and  that  logj(A)  will  be  real.  When  the  vitamin  is  unstable  in  the  system 
then  A  will  be  very  large.  As  the  vitamin  becomes  more  stable  then  A  will  become 
closer  to  zero.  The  values  will  be  affected  by  a  variety  of  factors  within  each 
system. 

If  the  vitamin  is  not  the  rate  limiting  factor  and  the  rate  limiting  factor,  such  as  a 
catalyst,  is  not  consumed  in  the  reaction  then  the  vitamin  degradation  may  be 
modelled  as  a  zero  order  reaction  with  the  general  equation  : 

x  =  a  -  k,t  -  k^-T  (3) 

where  k,  and  k^.  are  rate  constants  for  time  and  temperature. 

If  environmental  factors,  such  as  humidity,  affect  the  rate  limiting  factor,  then  it 
can  be  included  as  an  additional  term.  The  relative  humidity  (rh)  of  the 
environment  may  be  such  a  term  when  the  nature  of  the  packaging  allows  the 
humidity  to  affect  the  food  material.  Thus,  relative  humidity  (rh)  may  be  included 
in  the  equation  3  ; 


x  =  a  -  k,t  -  k^-T  -  k^rh  (4) 

Ascorbic  acid  stability  is  known  to  be  reduced  with  increasing  temperature  and 
pH,  or  the  presence  of  oxygen,  enzymes  or  metal  catalysts  (Tannenbaum,  Young 
and  Archer,  1985,  p.  488).  Its  stability  is  promoted  by  dissolved  salt  and  sugars, 
probably  through  lower  oxygen  solubility.  The  concentration  of  ascorbic  acid  in 
solution  and  the  ratio  of  ascorbic  acid  to  dehydroascorbic  acid  also  have  an 
influence.  There  is,  however,  evidence  that  fructose  is  a  catalyst  in  the  anaerobic 
degradation  of  ascorbic  acid  (Huelin,  Coggiola,  Sidhu  and  Kennett,  1971).  The 
temperature,  moisture  and  component  selected  as  carrier  are  important  factors 
determining  ascorbic  acid  stability.  The  activation  energy  (E)  in  liquid  systems  is 
96.7  kj  mol  ’  (De  Ritter,  1982).  Kramer  (1982)  reports  significant  (50%)  ascorbic 
acid  loss  after  six  months  at  -20‘’C  in  steak  &  tomato  sauce.  Canned  tomato  juice 
was  found  to  retain  90%  ascorbic  acid  after  twelve  months  at  24‘’C  and  tomato 
flakes  retained  90%  ascorbic  acid  after  three  months  at  38°C  (Kramer,  1982). 


9 


Mixed  processed  foods  are  more  difficult  to  model  as  they  are  more  complex 
systems. 

Thiamine  stability  is  known  to  be  reduced  with  increasing  temperature,  pH  and 
water  activity,  or  the  presence  of  sulphite,  nitrite  or  catalytic  metals  (e.g.  copper) 
(Tannenbaum  et  al.,  1985,  p.  495).  Its  stability  is  improved  by  the  presence  of 
casein  and  soluble  starch.  Temperature  and  the  component  selected  as  carrier  are 
the  more  important  factors.  The  activation  energy  (E)  in  liquid  systems  is 
113  kj  mol  ’  (De  Ritter,  1982).  Kramer  (1982)  reports  that  there  can  be  significant 
thiamine  loss  in  steak  &  tomato  sauce  at  -20“C  in  three  months.  However,  canned 
tomato  juice  retains  90%  of  thiamine  at  23°C  for  twelve  months.  In  mixed 
processed  foods,  the  system  is  even  more  complex  to  model  and  thus,  prediction 
of  thiamine  stability  in  a  particular  food  is  difficult  (Tannenbaum  et  al.,  1985, 
p.  497). 

Aird  (1961),  Baigent  (1965),  and  Heuston  (1972)  have  undertaken  studies  of  the 
storage  stability  of  ascorbic  acid  and  thiamine  in  fortified  combat  ration 
components.  Their  conflicting  conclusions  are  derived  from  a  range  of  similar 
ration  components.  None  of  these  ration  component  studies  used  statistical 
methods  for  the  evaluation  of  results  and  depended  on  single  sample 
determinations  at  each  temperature/time  point.  James  et  al.  (1982)  found 
variations  of  up  to  50%  of  the  mean  initial  concentration  of  thiamine  and  ascorbic 
acid  in  fortified  items  of  Emergency  Flying  Ration  (EFR).  A  storage  trial 
(James  et  al.,  1982)  on  these  components  showed  that  less  than  30%  of  thiamine  is 
retained  after  two  years  at  37°C,  while  ascorbic  acid  retention  ranged  from  5% 
(soup  cubes)  to  89%  in  fruit  candy.  Thus,  the  storage  performance  of  vitamins  is 
very  dependent  on  the  food  selected  as  the  carrier. 

The  analytical  methods  used  in  the  earlier  studies  were  simple  rapid  methods. 
The  High  Pressure  Liquid  Chromatography  (HPLC)  method  for  ascorbic  acid 
(James  and  Forbes-Bwan,  1984)  has  been  shown  to  be  superior  to  the 
dichlorophenol-indophenol  method,  previously  used,  with  respect  to  specificity 
and  precision.  The  HPLC  method  for  thiamine  and  riboflavin  allows  for  more 
selective  and  reliable  determination  of  both  vitamins  with  a  single  analysis  run 
(James  &  Hancock,  1989). 

This  study  examines : 

*  EFR  ration  chocolate  and  coffee  for  the  storage  stability  of  ascorbic  acid  and 
hiamine. 

*  EFR  fruit  candy  for  the  storage  stability  of  ascorbic  acid. 

*  Combat  Ration  Ten  Man  (CRIOM)  fortified  soup  powders  for  the  storage 
stability  of  ascorbic  acid,  thiamine,  riboflavin  and  niacin. 

*  CRIOM  unsweetened  condensed  milk  for  the  storage  stability  of  ascorbic  acid. 

*  The  Individual  Meal  Combat  Ration  (IMCR)  main  meal  items  for  the  storage 
stability  of  ascorbic  acid,  thiamine,  riboflavin  and  niacin. 

*  1987  procurement  of  CRIM  items  for  storage  stability  of  ascorbic  acid,  thiamine. 
Riboflavin  and  niacin  under  normal  warehouse  conditions. 


Compliance  of  components  procured  in  1986  and  1987  with  Australian  Defence 
Force  Food  Specifications  (DPI,  1984/8). 

Nutrient  composition  of  1986 IMCR  and  the  revised  CRIM. 


2.  Materials  and  Methods 


2.1  Warehouse  Temperature  Measurement 

The  air  temperature  was  monitored  at  9  am  and  4  pm  daily  in  warehouses  at 
Townsville,  Ashgrove,  Liverpool,  Puckapunyal,  Hobart  and  Karrakatta,  which  are 
used  to  store  combat  rations.  Townsville  warehouse  was  monitored  with  a 
continuous  clockwork  recorder.  The  remainder  were  manually  recorded.  The  data 
was  plotted  for  the  time  period  January  to  December  using  ENABLE  OA  (The 
Software  Group,  1988)  from  data  gathered  over  the  period  1  December  87  to  30 
June  90. 


2.2  Storage  Studies 

2.2.1  1987  Procurement  of  aUM 

The  1987  procurement  of  CRIM  was  analysed  after  packing  and  also  after  storage 
from  packing  until  1 1  August  88  at  the  Morebank  warehouse  (Sydney),  then 
Hobart  warehouse  until  transfer  to  MRL-Tasmania  21  December  88. 


2.2.2  Controlled  Storage  Conditions 

Three  to  ten  samples  were  taken  of  each  component  to  obtain  the  initial 

concentrations  of  the  vitamins  of  interest.  Components  of: 

*  EFR  fortified  with  vitamins,  ie  ration  chocolate,  instant  coffee,  and  fruit  candy, 

*  encapsulated  ascorbic  acid  fortified  ration  chocolate  prepared  by 
Cadbury-Schweppes; 

*  ascorby]  palmitate  fortified  ration  chocolate  prepared  by  Cadbury-Schweppes; 

*  beef  meat  balls  with  bacon  &  vegetables,  beef  meat  balls  with  sweet  &  sour  sauce,  beef 
minced  with  tortellini,  chicken  &  vegetables,  and  lamb  &  vegetables  with  rosemary 
from  the  IMCR; 

*  beef  noodle,  chicken  noodle,  pea  &  ham,  and  tomato  soup  powders,  and  unsweetened 
condensed  milk  (canned)  from  the  CRIOM; 


were  placeil  in  storage,  at  MRL-Tasinania,  according  to  the  pattern  ilesi  nl  e  l  : 
Table  2.  Temperature  was  controlled  to  within  2'’C  of  the  set  point  HumKiit\ 
not  controlled  in  most  chambers,  but  was  estimated  from  the  tempt>ratiire 
conditions.  The  50%  relative  humidity  (rh)  at  48“C  was  maintained  with  the  aui  ot 
water  sprays  controlled  on  the  basis  of  wet  bulb  temperature  to  within  1  rh 

Tiible  2:  Tiitw  of  storage  in  months  versus  storage  conditions 


CornpontMits 

Temperature.  % 

/  Kela!!v«*  Humtilitv  ' 

IK  - 

1  /99 

20/60 

30/30 

37/2S  4K  n 

!-nu'r^i‘ncy  f  lyin);  Kdiicii 

i 

h 

f3  f> 

12 

12 

12  !2 

24 

24 

24 

hO 

60 

hO 

R.’ition  Chocolate 

3 

3 

3 

t> 

6 

6 

6 

12 

12 

12 

12 

i  j 

2-1 

24 

24 

24 

IMCR 

T 

6 

6 

6 

h 

12 

12 

12 

12 

i  2 

24 

24 

24 

24 

4S 

4h 

4H 

IH 

(.  RIOM 

( 

b 

6 

h 

(I 

12 

12 

12 

12  12 

1 : 

24 

24 

24 

24 

48 

48 

48 

4S 

2.2.3  Ration  Chocolate 

Cadbury-Schweppes  prepared  two  batches  of  ration  chocolate  fortified  with 
ascorbic  acid  encapsulated  in  ethyl-cellulose  beads  and  a  batch  fortified  with 
ascorbyl  palmitate  specifically  for  the  trial.  To  evaluate  the  effect  of  processing  on 
the  encapsulated  ascorbic  acid,  the  beads  were  added  prior  to  refining  the 
chocolate  paste  or  at  the  conching  stage  after  refining.  Ascorbyl  palmitate  was 
added  at  the  conching  stage  with  flavouring. 

2.2.4  Data  Collection  and  Interpretation 

The  various  ration  components  were  claimed  to  be  fortified  by  the  manufacturers 
at  the  levels  shown  in  Table  3. 

The  EFR  coffee  and  chocolate  were  analysed  for  moisture,  ascorbic  acid  and 
thiamine  CRIOM  unsweetened  condensed  milk  and  EFR  fruit  candy  were  analysed  for 
moisture  and  ascorbic  acid.  TTie  other  components  were  analysed  after  the 
prescribed  storage  period  for  moisture,  ascorbic  acid,  thiamine,  riboflavin  and 
niacin.  Graphical  presentation  of  results  was  conducted  with  ENABLE  OA  (The 
Software  Croup,  1988). 
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Table  3:  Specified  vitamin  fortification  levels  mg/lOOg 


Component 

Ascorbic  Acid 

*nuamine 

Riboflavin 

Niacin 

EFR 

Chocolate 

22.0 

22 

Instant  coffee 

Fruit  candy 

420.0 

1060 

21  1 

21  1 

1400 

IMCR 

Main  meals 

30.0 

0.4 

0.5 

7.0 

CKIOM 

Soup  powders 

Unsweetened  condensed  milk 

106.0 

660 

5.2 

52 

35.3 

Statistical  analysis  of  data  was  undertaken  with  the  aid  of  NWA  Statpak 
(Northwest  Analytical,  1986).  Regression  analysis  of  the  vitamin  storage  data  was 
based  on  the  linear  double  logarithmic  form  of  the  first  order  equation  (2),  but 
forcing  the  coefficient  of  the  log,(t)  to  1  by  including  the  term  log,(t)  in  the 
dependent  variable,  that  is; 

■ogtCogeCa/*))  -  •og.W  =  loge(A)  -  E/RT  (5) 

As  this  expression  is  undefined  if  x  exceeds  a  (the  initial  concentration)  the  value 
of  a  was  set  to  the  estimated  initial  concentration,  a  value  rounded  up  from  the 
maximum  value  obtained  in  a  data  set.  Only  this  estimated  initial  concentration 
would  then  be  undefined  and  therefore  excluded  from  the  analysis.  Results  below 
detection  limits  were  treated  as  missing  data  in  order  to  avoid  excessive  bias  in 
the  regression  analysis.  Regression  analysis  was  also  undertaken  based  on  the 
zero  order  equatiotrs  3  and  4. 

2.3  Analytical  Methods 

The  determination  of  moisture,  protein,  carbohydrate,  ascorbic  acid,  niacin, 
energy  and  salt  were  undertaken  according  to  the  same  procedures  as  used  in 
previous  reports  (James  &  Forbes-Ewan,  1984,  James  et  a!.,  1988).  Fat  was 
determined  according  to  the  enzymatic  hydrolysis  method  (Lichon,  Tattersall  & 
James,  1987)  in  all  components  except  dairy  products  which  were  determined  by  a 
draft  revision  (SAA,  1986)  of  the  Australian  Standard  method,  AS2300. 

Ascorbyl  palmitate  was  determined  by  HPLC  with  amperometric  detection  at 
0.6  V  according  to  the  method  of  James  &  Hancock  (1989b). 

Early  EFR  thiamine  determinations  were  made  using  the  thiochrome  method 
(Association  of  Official  Analytical  Chemists,  1980, 43.024-43.030).  Readings  were 
taken  by  injecting  the  iso-butanol  extract  into  a  flow  injection  system  using 
iso-butanol  as  carrier  and  a  Jasco  Fluorometer  set  at  excitation  365  nm  and 
emission  444  nm  as  detector. 
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Later  thiamine  and  riboflavin  concentrations  were  determined  simultaneously 
by  HPLC  with  fluorometric  detection  and  post  column  formation  of  thiochrome 
(James  &  Hancock,  1989b;  Wehling  and  Wetzel  (1984). 

Chromatographic  data  was  collected  and  interpreted  with  electronic  integration. 
Early  ascorbic  acid  results  were  obtained  with  the  aid  of  a  Sigma  10 
Chromatography  Data  Station  (Perkin-Elmer).  All  other  results  were  obtained 
with  the  aid  of  a  Nelson  2600  Chromatography  Data  System  (Nelson  Analytical 
Inc.,  1986)  on  a  micro-computer. 

Niacin  was  determined  microbiologically  (AOAC,  1980, 43.155). 

Phosphorus,  sodium,  potassium,  calcium,  magnesium,  copper,  iron,  zinc,  lead, 
and  cadmium  were  determined  by  Inductively  Coupled  Plasma  Emission 
Spectroscopy  (ICP-ES)  after  digestion  with  sub-boiling  distilled  nitric  acid 
(James  et  al.,  1988). 


3.  Results  and  Discussion 

The  temperatures  in  the  warehouses  were  plotted  for  the  sites  Townsville  (Fig.  1), 
Ashgrove  (Fig.  2),  Liverpool  (Fig.  3),  Puckapunyal  (Fig.  4),  Hobart  (Fig.  5),  and 
Karrakatta  (Fig.  6).  The  initial  data  gathered  during  1988  had  many  gaps  due  to 
failure  to  rewind  the  clockwork  recording  device  in  Townsville,  and  due  to  the 
collectors  receiving  an  unauthorised  instruction  to  cease  collection,  The  data  was 
supplemented  with  further  collections  during  1989/90,  which  also  had  gaps.  The 
combined  data  from  1  December  87  to  30  June  90  profiles  temperature  conditions 
in  warehouses  for  most  of  a  year.  It  is  clear  that  the  temperature  in  the 
warehouses,  except  for  Puckapunyal  and  Hobart,  exceeds  20°C  for  at  least  six 
months  a  year. 

The  storage  period  of  the  1987  procurement  of  CRIM  corresponds  with  the 
early  period  plotted  in  Figure  3  and  the  latter  period  in  Figure  5.  The  total  storage 
period  would  have  included  approximately  five  and  a  half  months  at  20‘’C  or 
higher. 

The  results  for  each  time  -  temperature  point  of  the  storage  trial  on  each  of  the 
components  analysed  are  detailed  in  Appendix  A  (on  microfiche). 

3.1  Initial  Concentrations  of  Vitamins  for  Stability  Studies 

The  initial  vitamin  concentrations  in  each  component  analysed  are  presented  in 
Table  4.  Results  of  the  storage  stability  of  the  vitamins,  in  representative 
components  subjected  to  the  storage  trial,  are  presented  as  the  mean  of  the  set  of 
results  for  each  time  -  temperature  point  in  Figures  7  to  12. 
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Figure  3;  Daily  temperature  at  Liverpool  store. 


Figure  4;  Daily  temperature  at  Puckapunyal  store. 
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Figure  5;  Daily  temperature  at  Hobart  store. 


Figure  6:  Daily  temperature  at  Karrakatta  store. 
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Figure  10:  Fruit  candy  with  ascorbic  acid. 
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Figure  11:  Thiamine  in  IMCH  chicken  and  vegetables. 
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Table  4:  Initial  vitamin  concentrations  of fortified  components  mg/100  g 


Ascorbic  Acid 

11\iamine 

Riboflavin 

Niactn 

Component 

N 

Mean 

Standard 

Mean 

Standard 

Mean 

Standard 

Mean 

Standard 

Deviahon 

Deviation 

Deviation 

I3evMtion 

EFR  TrijI 

Chocolate 

3 

25.2 

15 

354 

0.41 

Instant  Colfee 

4 

671 

112 

2  82 

0  71 

Hruit  Candy 

3 

284 

11 

Encapsulated  Ascorbic  Acid 

Fortified  Chocolate 

Helore  Refiner 

9 

16  1 

1  3 

After  Refiner 

9 

21  1 

22 

Ascorbyl  Palmitate  Fortified  Chocolate 

After  Refiner 

10 

18  1 

1  7 

3  11 

0  11 

IMCR  Main  Meals 

K«»i»f  Tdftellini 

4 

90 

6  4 

0012 

0  007 

0  123 

0  04h 

:  07 

M  44 

Chicken  &  Vegetables 

4 

187 

57 

1  88 

0  25 

0  455 

0  057 

(>  24 

(1  48 

fVef  Meal  Balls,  Bacon 

4 

0  9S 

0  70 

l>  038 

0  026 

Bi. 

HI 

1  28 

It  17 

and  Vegetables 
fWef  Meat  Balls  with 

4 

3  1 

I  9 

0  023 

0015 

0  055 

0  068 

0  S9 

0  13 

Sweet  k  Sour  Sauce 
l.amb  arni  Vegetables 
with  Rosemarv 

4 

21  9 

34 

0  073 

0  029 

0  24 

0  08 

3  I 

1  2 

<■  RIOM 

Heel  Notxile  soup 
^xjwder 

4 

102 

57 

21  2 

1  15 

4  52 

091 

,3  .3  5 

2  8 

t  hicken  Noodle  soup 
(Htwder 

4 

123 

99 

5  3 

066 

568 

0  .33 

34  0 

■  " 

lomaiu  stiup  powder 

4 

316 

37  0 

5  82 

0  44 

5  35 

0  20 

39  9 

(.1  1 4 

iVa  A  Mam  soup 
j>»)wder 

4 

ISO 

64 

577 

034 

4  96 

0  74 

38  8 

:  4 

Unsweetened 
Condensed  Milk 

4 

51  2 

2  2 

N  =  number  of  umples,  BL  =  Below  Detection  Limit 


3.1.1  EFR  Trial 

Initially,  the  three  fortified  components  were  found  to  contain  the  specified 
concentration  of  ascorbic  acid  (Tables  3  and  4).  Chocolate  was  found  to  contain  the 
specified  concentration  of  thiamine  (Table  3)  but  instant  coffee  was  found  to 
contain  only  about  10%  of  the  specified  concentration.  The  variation  in  initial 
concentrations  were  of  the  order  of  10%  of  the  mean  in  chocolate  and  fruit  candy, 
but  was  of  the  order  of  20%  in  instant  coffee.  The  variation  in  coffee  was  not  due  to 
the  analytical  method  (verified  by  replicate  determination)  but  represents  the 
variation  in  fortification  levels,  probably  due  to  manufacture  by  dry  blending  of 
the  powdered  ingredients  and  the  small  quantity  (7  g)  in  each  sachet. 
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3.1.2  Encapsulated  Ascorbic  Acid  Fortified  Chocolate  Trial 


The  initial  concentrations  of  ascorbic  acid  (Table  4)  were  found  to  be  lower  in 
those  fortified  before  refining  than  in  those  fortified  after  refining  (t  =  4.9, 
p  =  0.000085).  This  indicates  that  processing  the  ration  chocolate  has  destroyed 
approximately  a  quarter  of  the  ascorbic  acid  added.  However,  the  standard  error 
of  two  sets  of  irutial  concentration  results  (Table  4)  show  that  the  variation  in 
ascorbic  acid  concentration  is  greater  in  the  chocolate  fortified  after  refining 
(F  =  23.7,  p  =  0.00017).  That  is,  the  ascorbic  acid  fortification  is  not  as  evenly 
distributed  when  added  at  the  conching  stage  after  refining. 


3.1.3  Ascorbyl  Palmitate  Fortified  Chocolate  Trial 

The  initial  concentrations  of  ascorbyl  palmitate  as  ascorbic  acid  (Table  4)  were 
found  to  be  under  the  specification  (Table  3)  and  intermediate  compared  with  the 
encapsulated  ascorbic  acid  fortified  chocolates.  The  standard  error  was  also 
intermediate  compared  with  the  encapsulated  fortification,  even  though  ascorbyl 
palmitate  is  fat  soluble  and  should  be  easily  distributed  throughout  the  fat. 


3.1.4  IMCR  Main  Meal  Trial 

The  irutial  vitamin  concentrations  (Table  4)  show  that  none  of  the  meals  were 
fortified  at  the  specified  level  (Table  3).  Most  were  found  to  contain  only  natural 
levels.  Chicken  b  vegetables  has  been  fortified  with  ascorbic  acid,  riboflavin, 
thiamine  and  niacin,  but  only  thiamine  was  found  to  meet  the  specification 
(Tables  3  &  4).  Lamb  &  vegetables  with  rosemary  has  been  fortified  with  ascorbic 
acid,  but  failed  to  meet  the  specification  (Tables  3  &  4).  This  study  used  the  first 
procurement  of  these  meals  and  it  is  understood  the  manufacturer  had  difficulty 
obtaining  the  vitamin  concentrate  to  fortify  the  meals.  The  manufacturer  has 
continued  to  fail  to  achieve  the  specified  vitamin  concentrations  in  these  meals 
(Table  6  &  Appendix  D). 

The  standard  deviation  of  the  initial  concentration  for  each  of  the  vitamins  was 
relatively  high,  due  to  the  dependence  on  natural  levels,  which  are  inherently 
variable.  In  many  cases  (Table  4)  the  standard  deviation  was  a  very  large 
proportion  of  the  mean  concentration.  Thus,  the  vitamins  were  not  evenly 
distributed  in  the  various  cans  of  each  IMCR  main  meal.  The  ascorbic  acid 
concentration  of  chicken  &  vegetables  and  lamb  &  vegetables  with  rosemary  had 
relative  standard  deviations  which  were  smaller  than  found  in  the  other  meals. 
The  other  vitamins  in  chicken  &  vegetables  also  had  smaller  relative  standard 
deviations. 


3.1.5  CRl OM  Soup  Poxvder  T rial 

The  initial  concentrations  (Table  4)  show  that  all  powders  were  fortified  with  an 
excess  of  thiamine.  Only  beef  noodle  soup  was  marginally  deficient  in  ascorbic  acid. 
Beef  noodle  and  pea  &  ham  were  deficient  in  riboflavin,  while  beef  noodle  and  chicken 
noodle  were  deficient  in  niacin. 
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3.1.6  CRIOM  Unsweetened  Condensed  Milk  Trial 

The  initial  concentration  of  ascorbic  acid  (Table  4)  was  found  to  be  below  the 
specified  concentration  (Table  3),  but  the  standard  deviation  was  small  with 
respect  to  the  mean  initial  concentration. 


3.2  Niacin  Stability  Study 

Changes  in  niacin  concentrations  did  not  correlate  well  with  time  or  temperature 
for  IMCR  chicken  &  vegetables  and  lamb  &  vegetables  with  rosemary,  CRIOM  tomato, 
beef  noodle,  chicken  noodle  and  pea  &  ham  soup  powders.  The  regression  coefficients 
(r^)  were  less  than  0.34  for  all  carriers  examined,  tomato  soup  being  the  highest. 

The  reaction  rate  constants  (A)  were  relatively  close  to  1  (2E+1  to  4E+5).  This 
indicates  that  the  data  did  not  fit  the  exponential  model  very  well.  There  were 
also  poor  correlations  with  linear  models  (r^  <  0.4).  Examination  of  the  data 
(Appendix  A)  shows  that  there  was  a  wide  variation  in  the  values  for  each 
time  -  temperature  point.  In  some  cases  (IMCR  chicken  6"  vegetables,  CRIOM  beef 
noodle  soup  powder)  the  later  results  were  higher  than  the  initial  results,  suggesting 
that  there  are  no  differences  and  the  sets  of  time  -  temperature  points  are  from  the 
same  populations.  Thus,  it  may  be  concluded  that  niacin  was  relatively  stable 
during  storage  in  all  items  examined.  The  1987  CRIM  (Appendix  B,  on 
microfiche)  was  initially  only  analysed  for  niacin  in  items  with  a  specification. 
After  storage,  these  items  have  concentrations  of  the  same  order,  supporting  this 
conclusion. 


3.3  Riboflavin  Stability  Study 

Initial  riboflavin  concentrations  in  IMCR  meals  (Table  4)  were  generally  adequate 
for  nutritional  needs,  but  the  corxsiderable  variation  (12.5  to  123%  of  mean)  make 
interpretation  difficult.  Trends  were  inconsistent  with  respect  to  temperature  and 
time  due  to  the  relatively  large  standard  deviation  (Table  4).  The  regression 
coefficient  (H)  for  chicken  &  vegetables  was  0.1  for  the  exponential  model  and  less 
than  0.04  for  the  linear  models  tested.  The  value  for  A  was  2E+1,  relatively  close 
to  1,  indicating  good  storage  stability.  Examination  of  the  data  (Appendix  A) 
shows  that  there  was  a  wide  variation  in  the  values  for  many  time  -  temperature 
points.  Some  of  the  later  values  were  higher  than  the  initial  values,  which  suggests 
that  there  are  no  differences  and  the  set  of  time  -  temperature  points  are  from  the 
same  population.  This  leads  to  the  conclusion  that  sigi\ificant  levels  of  riboflavin 
would  be  available  after  two  to  three  years  storage  without  fortification. 

Examination  of  the  data  for  riboflavin  concentrations  in  soup  powders 
(Appendix  A)  shows  that  there  was  a  wide  variation  in  the  values  for  many 
time  -  temperature  points.  In  some  cases  the  later  values  are  higher  than  the  initial 
values,  suggesting  that  there  are  no  differences  and  the  sets  of 
time  -  temperature  points  are  from  the  same  populations.  This  leads  to  the 
conclusion  that  riboflavin  is  stable  and  the  soup  powders  were  likely  to  retain  the 
required  level  after  4  years  normal  storage. 

Riboflavin  concentrations  found  in  the  1987  CRIM  after  storage  showed  a 
general  small  decline  but  are  considered  consistent  with  the  above  conclusions. 
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3.4  Ascorbic  Acid  Stability  Study 


Ascorbic  acid  had  very  poor  storage  stability  in  EFR  ration  chocolate  (Appendix  A), 
which  confirms  the  conclusion  that  the  stability  of  ascorbic  acid  in  chocolate  was 
unsatisfactory  (James  et  ai,  1986).  The  regression  analysis  based  on  the 
exponential  model  (Table  5)  was  a  poor  fit  (r^  =  0.47)  to  the  exponential  model 
(equation  3).  However,  a  strong  correlation  (r^  =  0.89)  was  found  using  a  zero 
order,  linear  model  (x  =  3.67  -  0.016T  -  0.041t  -  0.024rh).  The  manufacturer  was 
asked  to  prepare  ration  chocolate  fortified  with  encapsulated  ascorbic  acid  and 
ascorbyl  palmitate. 


Table  5:  Degradation  reaction  equation  coefficients 


Component 

Ascorbic  Add 

Thiamine 

mg/ 100  g 

i  A 

E 

k/mof* 

,2 

a  A 

mg/100  g 

E 

k/mol'* 

,2 

EFRTri»l 

Chocolate 

373 

IE  9 

•47.7 

047 

4  1 

lE-5 

-234 

002 

Instant  Coffee 

800 

2E*2 

147 

0  07 

2.9 

lEt2 

163 

030 

Fruit  Candy 

350 

4E+1 

176 

0.23 

before  refiner 

25.7 

6E49 

620 

0.79 

after  refiner 

349 

6E4^8 

56.5 

062 

24  month  excluded 

349 

3E*9 

59.8 

066 

Chocolate  with  Ascorbyl  palmitate 

19.9 

1E*15 

882 

089 

4  1 

lE+n 

73  2 

056 

(MCR  meals 

Chicken  and  vegetables 

27 

IEt3 

213 

030 

2  1 

2E*B 

536 

082 

6  month  excluded 

27 

4E+3 

247 

050 

2  1 

3E*9 

61  5 

095 

Lamb  and  vegetables  with  rosemary 

25 

9E.9 

•40.6 

025 

6  month  excluded 

25 

lE-5 

-226 

009 

CRIOM 

Beef  noodle  soup  powder 

133 

2E+3 

29.7 

025 

24.2 

2E*9 

59.9 

081 

Chicken  noodle  soup  powder 

136 

6E+7 

54.0 

0.56 

6  1 

4Et5 

40.2 

075 

Pea  and  Ham  soup  powder 

157 

7Et3 

33.1 

0.38 

6.9 

2E+7 

52.3 

075 

Tomato  soup  powder 

380 

2E+8 

561 

0.76 

7.7 

2Et3 

28.0 

023 

Unsweeter>ed  condensed  milk 

54 

1E>8 

53.2 

0.77 

Regression  of  log^  (log^fa/s))  •  log^  (time)  =  log^  (A)  •  E/RT 

a  =  Initial  concentration  used  for  statistical  analysis. 

X  >  ConccntraHcm  found  at  the  time  (months)  and  temperature  T. 

A  s  Frequency  factor  or  reaction  rate  constant. 

E  a  Activation  energy  calculated  from  regression  equation.  Literature  values  for  ascorbic  acid  =  96.7  k)  mol'^ 
and  thiamine  sink/  moC^  (De  Ritter,  1982). 

R  «  Gas  constant  «  8.314  k|  mol*^ 

s  Square  of  regression  coefficient  for  equation. 


The  results  for  fortification  with  encapsulated  ascorbic  acid  before  refining  are 
displayed  with  respect  to  time  and  temperature  in  Figure  7,  which  shows  that 
there  was  a  dramatic  change  in  stability  of  ascorbic  acid  as  the  temperature 
increased  above  20°C.  The  ascorbic  acid  concentration  after  three  months  at  37*’C 
and  48“C  declined  virtually  to  zero.  Regression  analysis  of  these  data  against  the 
exponential  model  (Table  5)  shows  a  reasonable  fit  with  an  estimated  initial 


concentration  higher  than  found  (Table  4),  an  E  value  approaching  the  literature 
value  (96.7  kj  mol  ',  DeRitter,  1982)  and  a  very  high  value  for  A.  The  estimated 
initial  concentration  could  be  a  better  estimate  of  the  concentration  at  the  time  of 
manufacture  (May  86)  as  the  initial  concentrations  (Table  4)  were  determined  on 
delivery  (Sept  86)  after  4  months  storage  at  unknown  temperatures  (probably 
10“C  to  25°C)  during  transit.  During  transit  there  may  have  been  differences  in 
storage  treatment  with  some  cases  being  expos«l  to  sun  and  others  being 
sheltered  giving  rise  to  some  of  the  variation. 

The  chocolate  fortified  after  refining  at  the  conching  stage  (Fig.  8)  shows  better 
stability  at  20“C,  30°C,  and  37°C  but  similar  stability  at  48°C.  Regression  analysis 
of  this  data  (Table  5)  shows  a  poorer  fit  to  the  exponential  model  with  a  higher 
estimated  initial  concentration  than  found,  an  E  value  lower  than  for  the  before 
refiner  value,  a  lower  A  value  and  a  poorer  regression  coefficient.  This  batch  of 
chocolate  was  manufactured  at  the  same  time  as  the  chocolate  fortified  before 
refining  and  was  delivered  at  the  same  time.  Therefore,  the  estimated  initial 
concentration  may  be  a  better  estimate  of  concentration  when  manufactured. 
Excluding  the  24  month  points  improved  the  fit,  but  it  was  still  worse  than  the 
before  refiner  regression.  Fortification  after  refining  was  expected  to  prevent  the 
micro— encapsulation  from  being  disrupted  during  processing  leading  to  belter 
stability.  This  data  suggests  that  there  is  a  plateau  effect  for  encapsulated  ascorbic 
acid  added  after  refining  and  stability  is  better  than  when  added  before  refining. 

Contrary  to  expectation  from  the  literature  (Hung,  Seib  and  Kramer,  1987) 
fortification  with  ascorbyl  palmitate  did  not  lead  to  improved  storage  stability 
(Fig.  9).  Statistical  analysis  (Table  5)  shows  the  best  fit  to  the  exponential  model 
(r^  =  0.89),  an  E  value  close  to  the  theoretical  value,  a  very  large  A  value,  and  an 
estimated  initial  concentration  close  to  the  expected  value  (Tables  3  and  4).  This 
chocolate  was  received  the  same  month  (May  88)  as  the  manufacturing  date  and 
therefore  there  was  no  opportunity  for  uncontrolled  storage  effects  to  intrude  on 
the  trial. 

The  ascorbic  acid  concentration  found  in  stored  1987  CRIM  ration  chocolate 
was  78%  of  the  concentration  found  when  examined  initially  (Appendix  B).  This 
result  is  consistent  with  the  storage  trial  results  discussed  above. 

This  ascorbic  acid  degradation  is  of  concern  since  it  shows  that  only  very  short 
periods  of  high  temperatures,  as  occurs  in  the  main  ration  warehouses  (Fig.  1  to  6) 
during  summer,  will  be  sufficient  to  deplete  much  of  the  ascorbic  acid 
fortification.  It  shows  that  ascorbic  acid  in  all  the  available  forms  for  fortification 
becomes  increasingly  unstable  as  the  temperature  increases  above  20‘’C.  Chocolate 
fortified  with  encapsulated  ascorbic  acid  at  the  conching  stage  demonstrated  the 
best  storage  performance  for  ascorbic  acid.  As  ration  chocolate  is  one  of  the  most 
acceptable  items  to  users  (Forbes-Ewan  &  Waters,  1986)  and  it  is  used  as  an 
emergency  ration,  it  is  desirable  to  continue  to  fortify  it  with  ascorbic  acid.  The 
best  strategy  would  be  to  fortify  with  encapsulated  ascorbic  acid  after  refining  at  a 
level  sufficient  to  ensure  adequate  levels  remain  after  storage. 

The  results  for  EFR  instant  coffee  were  much  more  difficult  to  interpret  due  to  the 
inherent  variation  (ca  20%)  between  individual  7  g  packs.  The  moisture 
(Appendix  A)  exceeds  the  specification  (4%;  DPI,  1984/8, 8-1-7).  James  et  al.  (1984) 
report  the  initial  moisture  in  this  batch  of  instant  coffee  as  being  3.52  and  4.03%. 
This  may  have  contributed  to  the  loss  of  ascorbic  acid,  but  only  one  group  mean 
of  coffee  had  a  moisture  within  specification  limits  and  it  was  not  possible  to 
compare  the  effect  of  low  moisture  coffee  with  high  moisture  coffee.  Earlier  reports 
(James  et  al.,  1982;  James  and  Forbes-Ewan,  1981)  list  coffee  as  failing  the 
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specification  with  moisture  up  to  8.85%,  This  suggests  that  the  barrier  properties 
of  the  packaging  should  be  investigated. 

The  instant  coffee  used  in  the  1987  CRIM  were  found  to  meet  the  specification 
after  storage,  however,  the  ascorbic  acid  concentration  was  78%  of  that  found 
initially.  The  moisture  content  was  less  than  3%  in  both  cases.  This  is  consistent 
with  the  decline  in  concentration  found  with  other  products  such  as  ration 
chocolate. 

Ascorbic  acid  has  good  stability  in  EFR  fruit  candy  (Fig.  10).  Regression  analysis 
shows  a  poor  fit  to  the  exponential  model,  but  the  estimated  initial  concentration 
was  higher  than,  but  consistent  with,  the  value  found  (Table  4).  The  E  value  was 
very  low  and  the  A  value  was  relatively  close  to  zero.  A  stronger  correlation 
(r^  =  0.46)  was  found  for  the  zero  order  linear  model  (x  =  302  -  2.58t  -  0.97T)  with 
no  significant  correlation  with  relative  humidity.  This  behaviour  was  similar  to 
that  observed  for  riboflavin  and  niacin. 

Fruit  candy  stored  with  the  1987  CRIM  shows  support  for  this  conclusion  with  a 
concentration  higher  than  that  found  initially  (Apf>endix  B),  However,  the 
difference  may  be  due  to  use  of  another  batch  (no  batch  codes)  of  candy  in  the 
stored  ration,  which  may  have  been  fresher  when  packaged. 

Ascorbic  acid  concentrations  were  close  to  the  normal  reporting  limit  of 
1  mg/ 100  g  in  the  IMCR  meals  (Table  4)  beef  meat  balls,  bacon  &  vegetables  and  beef 
meat  balls  with  sioeet  &  sour  sauce.  Since  these  values  are  barely  above  reporting 
limits  they  could  not  be  regarded  as  good  indicators  of  the  storage  stability  of 
ascorbic  acid  in  these  foods.  Furthermore,  the  standard  deviation  of  the  initial 
concentrations  were  of  a  similar  magnitude  to  the  change  in  concentration 
correlating  with  time;  which  was  also  noted  in  beef  tortellini,  where  the  standard 
deviation  of  the  initial  concentration  was  71%  of  the  mean  The  meals  were 
manufactured  (February/March/ April  85)  four  to  five  months  prior  to  receipt 
and  commencing  the  storage  trial.  During  this  period  they  were  subjected  to 
unknown  storage  conditions,  which  may  have  contributed  to  some  of  the 
variation  in  initial  concentration.  In  the  other  two  meals  the  six  month  points  were 
close  to  the  defection  limit  Regression  analysis  of  the  data  shows  an  improvement 
in  the  regression  coefficient  (r^)  for  chicken  &  vegetables  when  the  6  month  points 
were  excluded  (Table  5).  lnsp>ection  of  these  samples  showed  that  they  had  been 
overheated  at  some  stage  during  the  trial,  being  very  dark  in  colour,  therefore, 
these  points  were  excluded.  Both  sets  of  data  were  found  to  fit  a  linear  model 
(x  =  14  -  0  2T  -  0.3t)  with  r^  for  chicken  &  vegetables  of  0.49  and  0.43  for  lamb  & 
vegetables  with  rosemary.  The  lamb  fir  vegetables  with  rosemary  linear  fit  was  better 
than  the  exponential  model.  Overall,  the  results  indicate  that  these  meals  were 
poor  carriers  for  ascorbic  acid  fortification. 

Beef  tortellini,  chicken  &  vegetables  and  lamb  £r  vegetables  with  rosemary  included  in 
the  revised  CRIM  were  initially  fortified  at  2/3  the  concentration  required  by  the 
specifications  (Table  6  and  Appendix  D).  After  warehouse  storage,  these  items 
were  found  to  have  virtually  no  ascorbic  acid  remaining,  supporting  the  storage 
trial  conclusiorrs. 

Of  the  soup  powders  (Appendix  A),  only  the  chicken  noodle  soup  ascorbic  acid 
concentration  had  declined  significantly  below  the  specified  level  (Table  3).  This 
was  partially  due  to  chicken  noodle  being  fortified  only  16%  above  the  specified 
concentration  (Tables  3  and  4),  while  the  pea  &  ham  and  tomato  soups  were  fortified 
substantially  above  the  specified  level.  The  regression  coefficients  for  the 
exponential  model  for  the  soup  powders  (Table  5)  ranged  from  an  insignificant 
value  for  beef  noodle  soup  to  a  significant  value  for  tomato  soup.  All  estimated  initial 
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concentrations  (Table  5)  approximated  the  actual  initial  concentrations  (Table  4). 
Chicken  noodle  soup  and  tomato  soup  had  A  values  of  the  order  of  the  values 
obtained  for  chocolate,  while  the  values  for  bee/ noodle  and  pea  &  ham  soup  were 
closer  to  the  value  obtained  for  fruit  candy.  The  partial  regression  for  time  was  not 
significant,  most  of  the  change  was  explained  by  the  change  in  temperature.  The 
regression  coefficient  (r^)  for  the  zero  order  linear  model  ranged  from  0.15  for  beef 
noodle  soup  to  0.87  for  tomato  soup,  only  the  beef  noodle  soup  regression  was  worse 
than  the  linear  model.  Only  chicken  noodle  soup  showed  a  significant  correlation 
with  humidity  (partial  r^  =  0.11,  x  =  216  -  0.33t  -  2.76T  -  0.86rh)  but  was 
insignificant  with  respect  to  time.  Thus,  two  of  these  dry  powders  demonstrate 
much  better  performance  as  carriers  for  ascorbic  acid  than  IMCR  meals  or  ration 
chocolate.  The  result  for  tomato  soup,  however,  compares  poorly  with  90% 
retention  in  tomato  flakes  claimed  by  Kramer  (1982).  It  could  be  concluded  that 
the  type  of  soup  powder  chosen  as  the  carrier  has  a  very  significant  influence  on 
the  degradation  of  ascorbic  acid  in  soup  powders,  beef  noodle  and  pea  and  ham 
being  the  best  carriers.  Alternatively,  there  may  be  a  difference  in  the  quality  of 
packaging  seal  achieved,  allowing  ingress  of  oxygen  and  moisture.  This  would  be 
more  consistent  with  the  results  quoted  for  different  tomato  products  (Kramer, 
1982)  but  the  partial  regression  coefficient  for  humidity  was  not  significant  in 
tomato  soup  powder. 

The  1987  CRIM  soup  and  gravy  bases  were  not  fortified  with  ascorbic  acid. 
However,  the  beef  flavouring  and  chicken  flavouring  included  with  the  instant 
noodles  were  found  to  retain  a  concentration  of  around  6  mg/100  g  after  storage. 
This  suggests  that  these  dry  flavourings  will  stabilise  ascorbic  acid.  This  is 
inconsistent  with  some  of  the  results  above,  and  supports  the  hypothesis  of 
oxygen  leaking  into  some  soup  powder  packages  but  not  others,  due  to  ineffective 
seals. 

The  results  show  that  ascorbic  acid  was  unstable  in  unsweetened  condensed  milk. 
The  regression  coefficient  (Table  5)  shows  a  reasonably  good  fit  to  the  exponential 
model  with  an  estimated  initial  concentration  close  to  the  actual  value  obtained 
(Table  4),  A  was  of  similar  order  to  that  for  the  chocolates,  but  E  was  about  half  the 
theoretical  value.  The  zero  order  linear  model  was  found  have  a  regression 
coefficient  (r^)  of  0.75,  as  good  a  fit  as  the  exponential  model.  This  suggests  that 
another  model,  such  as  a  second  order  model  with  dissolved  oxygen  as  the  other 
rate  limiting  parameter,  may  be  more  appropriate.  Dissolved  oxygen  was  not 
measured  during  this  study  and  thus  this  model  cannot  be  tested.  However,  the 
values  for  this  regression  were  of  a  similar  order  to  those  for  the  IMCR  meals  and 
ration  chocolate.  A  similar  effect  (Table  5)  to  that  found  for  ascorbyl  palmitate 
fortified  chocolate  was  apparent,  that  is,  a  short  period  of  high  temperature,  such 
as  experienced  during  summer,  will  reduce  ascorbic  acid  below  the  level  required 
for  nutritional  needs. 

Sweetened  condensed  milk  included  in  the  1987  CRIM  was  found  to  retain  80%  of 
the  ascorbic  acid  concentration  found  initially,  however,  the  samples  were  from 
different  batches.  This  result  is  consistent  with  the  storage  trial  results  on 
unsweetened  condensed  milk. 

The  fruit  drink  powders  used  in  the  1987  CRIM  were  all  found  to  meet 
specification  after  warehouse  storage  for  a  year.  Some  concentrations  were  greater 
than  initial  concentrations  (batch  codes  were  the  same),  probably  due  to  the 
variation  inherent  in  packaging  single  serve  quantities  of  a  dry  mix  product. 

These  results  suggest  that  these  powders  may  have  good  storage  properties  for 
ascorbic  acid,  provided  a  good  package  seal  is  achieved. 
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The  fruit  jams  used  in  the  1987  CRIM  were  found  to  meet  specifications  after 
warehouse  storage  for  a  year.  The  ascorbic  acid  concentrations,  with  one 
exception,  were  50%  or  less,  of  the  concentration  found  initially  (Appendix  B). 
Initial  concentrations  were  sufficient  to  provide  half  the  recommended  daily 
intake  (Table  1).  This  had  been  reduced  to  a  quarter  of  the  recommended  intake 
after  a  year.  Storage  for  a  further  year  at  20“C  or  higher  would  result  in  further 
decline  to  one  eighth  of  the  recommended  intake  or  less,  based  on  a  twelve  month 
half  life  for  ascorbic  acid  in  these  products. 

Fruit  candy,  beef  noodle  soup  powder  and  pea  &  ham  soup  powder  demonstrated 
better  performance  as  carriers  for  ascorbic  acid  than  the  other  products.  The 
ascorbic  acid  can  be  expected  to  remain  at  sufficient  concentration  to  contribute 
significantly  to  nutritional  needs  after  storage  for  at  least  two  years,  as  required 
(DLD,  1983).  The  discrepancy  in  performance  between  soup  powders  may  be  due 
to  poor  sealing,  leading  to  ingress  of  oxygen  and  moisture,  which  requires 
investigation. 

Fortification  at  a  high  level  to  compensate  for  the  effects  of  storage  appears  to  be 
a  practical  strategy  to  ensure  adequate  levels  are  present  for  the  user. 


3.5  Thiamine  Stability  Study 

Recovery  trials  for  thiamine  in  coffee  during  analysis  of  the  EFR  instant  coffee 
samples,  revealed  that  the  AOAC  method  was  unreliable  and  also  led  to  doubt 
concerning  the  results  for  chocolate.  This  led  to  investigation  of  methods  for 
thiamine  determination  and  the  adoption  of  the  method  of  James  &  Hancock 
(1989).  Thiamine  determinations  on  EFR  components  were  discontinued  after  the 
twelve  month  results  due  to  the  poor  recovery. 

The  initial  thiamine  concentration  in  the  EFR  instant  coffee  (Table  4),  determined 
by  the  AOAC  method,  was  only  10%  of  the  value  required  by  the  ADFFS  (DPI, 
1984/8).  Despite  the  low  initial  concentration  and  variability  in  initial 
concentration,  the  trial  showed  that  thiamine  rapidly  declines  to  negligible 
concentrations  at  temperatures  above  30°C  (Appendix  A).  The  data  did  not  fit  the 
exponential  model  well  (Table  5),  but  the  zero  order  linear  model 
(x  =  2.1  -  0.02T  -  O.lt)  was  a  better  fit  (r^  =  0.66). 

The  coffee  used  in  the  1987  CRIM  was  found  to  contain  about  half  the  specified 
concentration  after  storage,  using  the  method  of  James  &  Hancock  (1989) 
However,  no  detectable  thiamine  was  found  initially  in  the  1987  CRIM,  but 
concentrations  of  3.53, 11.26  and  22.7  mg/100  g  were  found  in  IMCR,  PRPNG  and 
CRIOM  coffees  respectively  (Appendix  B,  on  microfiche),  and  all  bore  the  same 
batch  code.  This  is  typical  of  the  variation  to  be  expected  in  such  a  dry  mix 
product.  Thus,  this  result  does  not  allow  a  definitive  conclusion  to  be  drawn,  but 
suggests  that  thiamine  is  not  stable  in  instant  coffee. 

The  results  for  thiamine  in  EFR  ration  chocolate  were  a  poor  fit  to  any  of  the 
models  tested,  including  the  exponential  model  (Table  5).  The  data  (Appendix  A) 
generally  indicate  relatively  poor  stability.  The  ascorbyl  palmitate  ration  chocolate 
samples  were  found  to  contain  significant  thiamine.  Regression  analysis  (Table  5) 
excluding  the  6  month  points  showed  a  reasonably  significant  correlation  to  the 
exponential  model  with  an  A  value  consistent  with  poor  stability.  A  strong 
correlation  with  respect  to  temperature  but  poor  correlation  with  respect  to  time 
was  found  using  the  zero  order  linear  model.  There  are  insufficient  time  - 
temperature  data  points  to  draw  a  definitive  conclusion,  however,  these  data 
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suggest  that  significant  degradation  of  thiamine  commences  between  20%’  and 
30“C  and  that  above  30"C  degradation  becomes  rapid. 

Initially  no  thiamine  was  detected  in  the  1987  CRIM  ralion  chocolate  (batch  ccxde 
067),  but  5.32  mg/ 100  g  was  found  in  PRPNG  ration  chocolate  (batch  code  065) 
Ration  chocolate  thiamine  concentrations  have  shown  considerable  variability 
(Appendix  A),  which  has  been  noted  in  earlier  reports  Games  et  al..  1982)  The 
chocolate  from  the  1987  CRIM  (batch  code  067)  stored  for  one  year  in  warehouses 
was  found  to  contain  thiamine  in  excess  of  the  specified  concentration.  Thus,  these 
results  do  not  allow  a  definitive  conclusion  to  be  drawn.  A  batch  of  chocolate  is 
normally  fortified  at  the  conching  stage.  Each  batch  consists  of  several  conch 
loads.  These  results  may  be  explairted  by  some  conch  loads  failing  to  receive 
fortification. 

Mean  thiamine  concentrations  were  only  marginally  greater  than  the  standard 
deviation  in  all  IMCR  meals  (Table  4)  except  chicken  &  vegetables  (Fig  1 1 ), 
therefore,  regression  analysis  was  only  possible  with  the  chicken  &  vegetables  data 
The  effect  of  overheating  on  the  6  month  sample  data  was  not  as  significant  for 
thiamine  as  for  ascorbic  acid,  as  it  is  more  stable  than  ascorbic  acid  (r^.  Table  5) 
The  regression  coefficient  (r^.  Table  5)  for  the  exponential  model  was  significant. 
The  estimated  initial  concentrahon  was  close  to  the  actual  concentration  (Table  4) 
However,  the  value  for  E  was  similar  to  those  obtained  for  thiamine  in  chocolate 
and  for  ascorbic  acid  in  chocolate  and  milk.  These  results  (Fig.  II)  suggest  that 
thiamine  concentration  would  not  be  likely  to  decline  below  levels  necessary  to 
meet  nutritional  needs  in  meals  fortified  at  the  specified  level  (Table  3)  within  two 
to  four  years  at  less  than  30“C. 

Beef  tortellim  and  lamb  &  vegetables  with  rosemary  included  in  the  1987  CRIM  both 
failed  to  meet  the  specification.  Thiamine  was  found  at  a  little  higher 
concentration  in  lamb  b  vegetables  with  rosemary  compared  with  the  concentration 
found  initially,  while  beef  tortellim  was  half  that  previously  reported  This  is 
consistent  with  natural  levels  in  these  meals  and  reflects  the  natural  variation 
Chicken  &  vegetables  was  fortified  and  still  passed  specification  These  results  tend 
to  support  the  results  obtained  in  the  storage  trial. 

Thiamine  was  found  to  be  unstable  in  ail  the  soup  powders  (Appendix  A).  The 
regression  coefficient  (r^.  Table  5)  for  the  exponential  model  was  insignificant  for 
tomato  soup  powder  and  significant  for  the  other  soup  powders.  The  estimated 
initial  concentrations  (a)  were  close  to  the  actual  iiutial  concentrations  (Table  4). 
suggesting  some  validity  for  the  model  The  E  values  were  half  the  literature 
value  (1 13  kj  mol  ',  De  Ritter,  1982),  or  less.  Beef  noodle  soup  data  (Fig  12)  fitted  the 
zero  order  linear  model  better  (r^  =  0.88,  x  =  26  -  0.12t  -  0  45T  -  0O3rh)  Chicken 
noodle  soup  (H  =  0.70),  pea  fy  ham  soup  (r^  =  0  51)  and  tomato  soup  (r^  =  0  31)  were 
equivalent  fits  to  the  exponential  models.  The  coefficients  for  time,  temperature 
and  humidity  became  smaller  in  the  same  order  as  the  regression  coefficients. 
Thus,  be^  noodle  soup  performed  worst  as  a  carrier  for  thiamine  and  tomato  soup 
performed  the  best.  The  results  lead  to  concern  that  in  soup  powders,  fortified  at 
the  specified  level  of  thiamirw,  will  decline  to  barely  adequate  nutritioruil  levels 
over  a  two  year  storage  period  in  mainland  warehouses.  It  is  recommeruled  that 
the  specification  be  increased  to  25  mg/ 100  g  (250  mg/kg)  to  ensure  sufficient 
remairu  after  four  years  storage  to  contribute  significantly  to  nutritional  needs 

Only  the  beef  soup  &  gravy  base  included  in  the  1987  GRIM  was  fortified  and  met 
the  specification  after  storage  The  initial  value  obtained  was  lower  and  reflects 
the  variation  due  to  a  single  serve,  dry  mix  powder  The  beef  flavouring  included 
with  the  instant  noodles  was  found  to  have  significant  thiamine  (23  mg/ 100  g)  after 
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stur4gr  Untiirtiinjlelv  iv>  hwl  Itaiimiinn  4n  ku  i  i;  v  f  'tn  imii.i 

revised  C  R 1 M  rnuHlIeN  fhes**  results  that  <-  KIM  vnj  I'nl  r.  \.  t'.iM  ' 

and  instant  niMxllr  Haviiunni^  may  tx-  thiamine  .  arni  t^ 

The  cereal  based  items  muesli  bars  ,rrm/  Hs,  uifs  .itui  sun  itu/  s,v,  uif  is<-ij  i.  ti\i- 
1*187  CRIM  all  contained  signdlcant  i  one mtrations  d  thiamiiit-  .iltt-r  -.lorai^i-  am) 
were  ol  the  same  order  as  the  concentrations  u-i-nd  initially  I  hes*-  ilvrn  .  .in*  not 
currently  fortified  allhou|(h  some  of  the  ir  .r^xlients  may  hayc  l■>e^■l■l  1  tu-rt*  .irc  lu- 
specifications  for  thiamine  in  these  items  rhes«*  results  sunnesl  that  *  creal 
products  mav  be  suitable  carriers  lor  thiamine  lortilu  ation 

The  results  of  the  sforane  Inals  suggest  that  thiamine  torlilu  .ilmn  is  .» <  irlhw  litle 
to  offset  the  effects  of  stora(;e 


3.6  Compliance  with  Australian  Defence  Force  Food 
Specifications  (ADFFS) 

Table  6  lists  those  items  tor  which  a  discrepancy  was  founct  hetysc-en  the  results 
obtained  during  this  evaluation,  or  the  previous  evaluation  .imf  the  specification 
(DPI,  l*f84,'H)  Table  n  also  summarises  the  history  ot  failures  yviih  respect  to  these 
Items  A  feature  of  the  results  with  respect  to  specifications  is  th.il  most  of  the 
Items  noted  as  failures  in  the  last  repirt  have  also  failed  in  this  ri*port  C  RIOM 
soups  have  Ks-n  noted  as  failures  in  Appendis  B  (on  microfiche i  hut  .ire  not  listed 
as  failures  in  I  .ible  h,  as  they  have  been  purchased  as  unfortified  items  Thrcte 
Items  (iVteu'orj^  ^um,  liffsaivrt,  and  huttersiolih)  have  been  prin  ured  without  .i 
specification  It  was  therefore,  not  possible  to  evaluate  ci’mplianci*  w  ith 
specifications  for  these  items  Rutterscotih  has,  in  the  past,  been  evaluated  with  the 
barley  suyar  specification  but  has  never  passed  this  spcH-ification  lor  moisture 
This  report  should  be  used  as  a  guide  in  the  selection  of  items  to  be  sampled  in 
the  next  pnx'urement  of  Combat  Ration  items,  and  analyseii  according  to  the 
ADFFS  (DPI,  1984/8)  by  the  Australian  Taivernment  Analy  tical  I  aboratones 
( AGAL)  It  should  not  be  used  as  evidence  in  legal  action  against  the  companies 
who  tendered  the  materials  as  it  tests  the  goods  at  sampling  levels  below  those 
recommended  by  the  ADFFS,  and  in  many  cases  with  a  considerable  delay  since 
procurement  Furthermore,  some  of  the  n'efhods  used  in  this  evaluation  are  not 
those  specified  in  the  ADFFS  (DPI,  1984/8),  which  would  lead  to  considerable 
difficulty  in  sustaining  the  use  of  these  methods  in  a  legal  context  Wherever 
possible,  failures  according  to  nutritional  methexJs  have  been  repeated  by  the 
method  specified  in  the  ADFFS  (DPI,  1984/8) 

Details  of  the  results  obtained  from  the  AGAL  laboratories  for  ration  pack  items 
over  the  period  March  86  to  April  87  are  summarised  in  Appendices  D  and  E  (on 
microfiche)  Appendix  D  summarises  the  results  obtained  on  the  canned  meals  for 
the  IMCR  ration,  and  the  CRIOM  Appendix  E  summarises  the  failures  noted  on 
the  items  which  have  been  procured  for  many  years  and  can  be  regarded  as 
established  items 


Table  6;  Items  failing  to  meet  Australian  Defence  Force  Food  Specifications 


OOrM 


M  in 
tf)  rv 

>  ^  o  o*  ni  ( 


•»  ^  CO  m 

»N  ^  ri  j  ^ 


^  cn  ^  cn 
QC  ri  o  ^  o  <0 


§  §  8§ 

e  e  ?  s 

5  c  <n  aS 


rn  in  •A  ov  QO 

r4r4>oin>©*^r4r4  opu*,  ccin^  x 

^oniooo  •ft.jOfn 

Sn  <8*^  K)gcD’»3' 

Cl  Q.  Cl  Cl 


00  o  ni  CO  <n  ■*/ 
5  <N  o  o  «  o  o 
<n  <o 


^oooi^ooo«ovmoxir>oo^r>4^ 

fQ  njtx  h*.  »—  ^'-•Qfjmco 


CO  ^  CO  so 

coco^^s  60  60 

ss§i®  §l§"8  lie  8; 

00  00  ¥  “  e  .  e  ?  £  00  00 

cc6c<n5Ste66cngss6Em>sp 

fo<nin»nfno  —  «ninfnfnr%inm<nrvtni 
AAAAAVAAAAAVAAAVA 


£  :s  .fi  j  c  3 
8  8  8  o  2  a 

S  S  s  ^  S  o 

<  <  <  2  z  2 


^  li  I  c  £  i  c  H  t  >  c  t 

•c-S(3gc2w5cc-£3,as  c  3-fi 

I  §  II  -i  II 1 1  §  1 1 1 1  i  II 

■S<i2!=Z2-2(2|=Z'2Si2FZS'< 


l5e  =  H-ep5-ec5£|g 

gjiggeS^SS^sis 

ssfzS'SzB-tfefzf 


f 


6  e 


Below  Detection  Limit  ND  =  Not  Determined 


Table  6  (Contd):  Items  failing  to  meet  Australian  Defence  Force  Food  Specifications 


BL  =  Below  Detection  Limit  ND  *  Not  Determined 


Table  6  (Contd):  Items  failing  to  meet  Australian  Defence  Force  Food  Specifications 
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Table  6  (Contd):  Items  failing  to  meet  Australian  Defence  Force  Food  Specifications 
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Table  6  (Contd):  Items  failing  to  meet  Australian  Defence  Force  Food  Sficcificatunis 


Result 

1983 

ON 

ON 

ON 

ON 

ON 

ON 

Result 

1984 

ON 

ON 

ON 

ON 

ON 

ON 

Rcsull 

1985 
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14.2 

10.2 

161 

pass 

pass 

Result 

1986 
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185 
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AGAL  have  a  tendency  not  to  adhere  to  the  sampling  plan  as  specified  in  the 
ADFFS  Part  D  0-1-1  (DPI,  1984/8).  Some  items  have  been  sampled  according  to 
the  sampling  plan  (i.e.  5  sub-samples)  and  then  bulked  for  some  determinations, 
which  produces  one  average  result  representative  of  the  5  sub-samples.  Other 
items,  particularly  the  new  meals,  have  been  split  into  two  groups.  One  (ca  3  cans) 
is  used  for  the  usual  gauge  pressure,  head  space,  moisture,  and  fat 
determinations.  The  other  (ca  2  cans)  is  analysed  for  the  vitamins  (thiamine, 
niacin,  riboflavin  and  ascorbic  acid).  This  does  not  comply  with  the  requirement 
in  that  there  are  not  the  required  5  data  points.  The  requirements  of  the  ADFFS 
(DPI,  1984/8)  were  determined  on  the  basis  of  the  Australian  Standard  1199-1972 
in  order  to  give  the  purchasing  authority  an  acceptable  probability  of  not 
accepting  a  batch  with  a  chosen  proportion  of  defective  units.  Reducing  the 
number  of  sample  points  dramatically  increases  the  probability  of  accepting  a 
much  higher  proportion  of  defective  units. 

Gauge  Pressure  and  head  space  are  not  tested  during  a  nutritional  evaluation. 

Items  failing  to  meet  these  specifications  are  the  most  frequently  quoted  in 
Appendices  D  and  E.  There  is  concern  that  the  method  specified  for  gauge 
pressure  does  not  require  the  use  of  a  compensating  pressure  gauge,  which  will 
correct  for  the  relative  size  of  the  space  in  the  measuring  gauge  compared  with 
the  head  space  in  the  can  being  tested.  There  would  be  a  significant  error, 
particularly  in  smaller  cans,  if  such  a  correction  is  not  made.  This  is  considered  to 
be  the  main  cause  of  the  large  number  of  failures  for  gauge  pressure. 

It  is  almost  impossible  to  evaluate  the  results  obtained  for  salt  in  relation  to 
some  specifications.  This  is  due  to  these  specifications  being  in  terms  of  added  salt 
rather  than  a  final  total.  Some  items,  eg.  IMCR/CRIM  chicken  &  vegetables  and 
lamb  &  vegetables  tvith  rosemary,  are  clearly  meeting  the  original  aim  of  less  than 
0.76%  salt.  Others,  e.g.  IMCR  meat  balls  with  bacon  &  vegetables  (1.41%)  and  meat 
balls  with  sweet  &  sour  sauce  (2.25%),  are  much  higher  and  exceed  this  aim.  These 
items  are  also  higher  according  to  procurement  testing  (Appendix  D).  It  is  known 
that  some  salt  is  necessary  to  assist  with  the  binding  of  the  meat  balls;  significant 
amounts  can  also  be  included  from  other  ingredients  such  as  bacon  and  soy  sauce. 
Thus,  these  two  meals  could  have  a  very  high  'natural'  salt  contribution  and 
therefore  would  not  fail  on  the  basis  of  added  salt.  It  would  be  much  easier  to 
assess  this  aspect  if  the  specification  were  in  terms  of  total  salt,  which  would 
include  any  natural  contribution. 

Table  7  summarises  the  incidence  of  failures  to  meet  specifications  found  by 
AGAL  and  this  work.  Six  parameters,  gauge  pressure,  head  space,  drained 
weight,  nitrate,  nitrite  and  specific  gravity,  are  not  normally  determined  by  MRL- 
Tasmania  as  they  are  quality  rather  than  nutritional  parameters.  AGAL  testing  is 
intended  to  screen  out  poor  quality  itenas.  Therefore,  there  should  be  an 
improvement  in  the  incidence  of  failures  when  the  final  accepted  items  are 
examined  at  MRL-Tasmaiua.  There  does  appear  to  be  a  significant  improvement 
in  the  failure  rate  with  respect  to  moisture  and  salt.  However,  the  remaining  five 
parameters  show  no  sigiuficant  improvement,  indeed,  in  some  cases,  there  is  a 
greater  failure  rate.  This  leads  to  concern  that  there  is  insufficient  sampling  during 
procurement  to  achieve  the  standard  of  quality  required.  A  good  quality 
assurance  program  can  only  be  successful  if  it  includes  an  adequate  level  of 
sampling  and  testing  leading  to  rejection  of  components  which  fail. 


Table  7;  Incidence  of  failures  to  particular  specification  parameters 


Percentage  of  Items  Failing 

Parameter 

AGAL 

MRL-Tasmania 

1986 

1987 

Moisture 

57 

27 

24 

Fat 

6 

17 

13 

Ascorbic  acid 

81 

56 

64 

Niacin 

81 

63 

80 

Riboflavin 

86 

79 

92 

Thiamine 

67 

68 

64 

Salt 

36 

17 

8 

Gauge  Pressure 

42 

ND 

ND 

Head  Space 

0.5 

ND 

ND 

Drained  Weight 

100 

ND 

ND 

Nitrate 

0 

ND 

ND 

Nitrite 

0 

ND 

ND 

Specific  Gravity 

100 

ND 

ND 

ND  =  Not  Determined.  AGAL  results  far  March  1986  to  April  1987. 


All  production  at  MRL-Tasmania  met  microbiological  specifications,  except  a 
batch  of  Tuna  and  rice.  Although  it  failed  the  specification  for  standard  plate  count, 
it  was  released  as  it  passed  all  other  microbiological  specifications. 


3.7  Nutritional  Evaluation 

Table  8  summarises  the  total  energy  and  the  proportion  of  energy  derived  from 
fat,  carbohydrate  and  protein  in  the  rations  1986 IMCR  and  revised  CRIM. 

Table  9  summarises  the  contents  of  water,  fat,  carbohydrate,  protein  and  salt  in 
each  pack.  The  values  for  each  menu  include  the  contribution  from  the  common 
items,  which  have  been  separately  listed.  Table  10  summarises  the  contents  of  the 
vitamins  ascorbic  acid,  thiamine,  niacin  and  riboflavin  in  each  pack.  Table  11 
summarises  the  contents  of  sodium  (Na>,  phosphorus  (P),  calcium  (Ca), 
magnesium  (Mg),  iron  (Fe),  copper  (Cu),  zinc  (Zn),  lead  (Pb)  and  cadmium  (Cd)  in 
the  revised  CRIM.  Appendix  C  (on  microfiche)  details  the  contents  of  these 
elements  in  the  individual  items  of  the  revised  CRIM.  This  is  the  second 
evaluation  in  respect  of  the  new  IMCR  ration  and  the  first  evaluation  of  the  CRIM 
with  revised  menus  (Forbes-Ewan  &  Waters,  1986). 


Table  8:  Combat  ration  results  1986  and  1987  procurements  -  total  contribution  of 
each  item  to  energy 


Source 

Fat 

7o 

Carbohydrate 

7o 

Protein 

7<, 

Energy 

kj 

1986  Procurement 

IMCR  common  items 

11 

82 

7 

830 

IMCR  A  ration  total 

27 

58 

15 

4230 

IMCR  B  ration  total 

26 

64 

10 

4030 

IMCR  C  ration  total 

21 

62 

17 

3900 

IMCR  D  ration  total 

32 

57 

11 

4220 

IMCR  E  ration  total 

25 

61 

14 

3950 

1987  Procurement 

CRIM  common  itenrs 

30 

60 

10 

5050 

CRIM  A  ration  total 

28 

61 

11 

12160 

CRIM  B  ration  total 

26 

61 

13 

12190 

CRIM  C  ration  total 

32 

56 

12 

13190 

CRIM  D  ration  total 

28 

62 

10 

11990 

CRIM  E  ration  total 

23 

63 

14 

12260 

Table  9:  Combat  ration  results  1986  and  1987  procurements  -  total  contribution  of 
each  item  to  proximates 


Source 

Net 

weight 

g 

Moisture 

g 

Fat 

g 

Carbohydrate 

g 

Protein 

g 

Salt 

g 

1986  Procurement 

IMCR  common  items 

62 

13 

2 

42 

4 

0  1 

IMCR  A  ration  total 

406 

180 

31 

153 

37 

2  4 

IMCR  B  ration  total 

423 

194 

28 

162 

24 

5.7 

IMCR  C  ration  total 

409 

186 

22 

150 

40 

2  6 

IMCR  D  ration  total 

408 

185 

37 

149 

28 

3  5 

IMCR  E  ration  total 

406 

190 

27 

149 

33 

2  2 

1/3  Recommended  Daily  Diatary  Intake  per  75  kg  Male  at 

Grade  3  .ictivity 

23-38 

5.0 

Grade  2  activity 

23-32 

5  0 

Grade  1  activity 

23-29 

1  9 

Grade  0  activity 

23 

19 

1987  Procurement 

CRIM  common  items 

329 

44 

41 

191 

28 

9.8 

CRIM  A  ration  total 

1099 

391 

94 

472 

80 

1 5  8 

CRIM  B  ration  total 

1150 

451 

89 

464 

97 

14.3 

CRIM  C  ration  total 

1179 

435 

113 

460 

98 

21  9 

CRIM  D  ration  total 

1148 

460 

90 

464 

75 

14.6 

C3<1M  E  ration  total 

1174 

447 

76 

486 

98 

19  2 

38 


Table  10:  Combat  ration  results  1986  and  1987  procuretfients  -  total  contribution  of 

each  item  to  vitamins 


Thiamine  Ascorbic  Acid  Niacin  Riboflavin 


Source 

mg 

mg 

mg 

mg 

1986  Procurement 

IMCR  common  items 

IMCR  A  ration  total 

IMCR  B  ration  total 

IMCR  C  ration  total 

IMCR  D  ration  total 

IMCR  E  ration  total 

0.61 

0.85 

1.13 

5.57 

1.07 

1  05 

8 

37 

34 

48 

36 

41 

5 

13 

13 

23 

16 

18 

1)81 

U.81 

1  33 

1.47 

1  10 

1  (>4 

1  /3  Recommended  Daily  Dietary  Intake  per  75  kg  Male  at 
Grade  3  activity 

Grade  2  activity  ^ 

Grade  1  activity  ”  ^ 

Grade  0  activity  ^ 

13 

13 

13 

13 

9 

7 

7 

5 

1)63 

0  57 

0  50 

0,37 

1987  Procurement 

CRlM  common 

CRIM  A  Menu  total 

C  rim  B  Menu  total 

C'KlM  C  Menu  total 

C  RIM  U  Menu  total 

C  RlM  E  Menu  total 

0.09 

0.43 

0.91 

0.51 

1.97 

7.40 

74 

136 

256 

196 

246 

181 

ND 

ND 

ND 

ND 

ND 

ND 

2  07 

2.60 

3  22 

2.30 

3  70 

3  70 

1987  Procurement  stored  1  year  in 

warehouses 

CRlM  common 

CRIM  A  Menu  total 

CRlM  B  Menu  total 

CRlM  C  Menu  total 

CRIM  D  Menu  total 

CRIM  E  Menu  total 

3.91 

4.30 

4.83 

6.95 

5.52 

13.67 

42 

88 

183 

177 

179 

115 

12 

19 

34 

24 

33 

39 

1  62 

2- 25 

3  12 

2  10 

3- 53 

3.90 

ND  =  Not  Determined,  insufficient  data. 
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Table  11:  Combat  ration  one  man  1987  ration  -  total  metal  content 


Na 

8 

P 

8 

Ca 

mg 

Mg 

mg 

Fe 

mg 

Cu 

mg 

Zn 

mg 

Pb 

mg 

Cd 

mg 

Common 

4.4 

0.6 

770 

130 

4 

0.4 

4 

BL 

BL 

A  Menu 

77 

1.4 

1010 

300 

13 

1.4 

16 

04 

0,04 

B  Met\u 

8.5 

17 

1100 

390 

16 

2.0 

21 

0,3 

0.02 

(.'  Menu 

8.8 

1  1 

950 

250 

9 

1.1 

12 

0.2 

BL 

1)  Menu 

7.2 

1.3 

1120 

300 

15 

1.2 

16 

0.3 

BL 

i;  Menu 

9.4 

1.5 

1050 

330 

14 

1.4 

12 

0  3 

BL 

til  -  All  Ji'termin.Kions  below  the  detection  limit. 


3.7.1  1986  Individual  Meal  Combat  Ration  (IMCR) 

The  IMCR  has  been  designed  as  a  substitute  meal  when  fresh  rations  are  not 
available.  It  is  expected  to  be  used  only  in  conjunction  with  fresh  food  from  base 
kitchens,  canned  equivalents,  or  the  CRIOM  ration.  It  has  not  been  designed  for 
use  as  a  sole  source  of  food  for  an  extended  period.  Therefore,  evaluation  of  the 
nutritional  quality  must  be  in  terms  of  perceived  requirements. 

The  energy  content  is  less  than  one  third  of  daily  needs  and  would  be  an 
adequate  replacement  for  any  of  the  fresh  meals,  as  the  other  meals  would 
provide  the  opportunity  to  replace  any  energy  deficit.  The  proportion  of  energy 
derived  from  fat  is  below  30%  in  most  meals,  which  is  less  than  current  nutritional 
guidelines  (FAO/WHO,  1978).  The  proportion  of  energy  derived  from  protein 
(Table  8)  varies  from  10%  to  17%,  which  is  in  keeping  with  the  broad  usage 
envisioned,  particularly  as  it  is  likely  to  be  used  to  replace  a  midday  meal.  The 
protein  content  (Table  9)  is  within  the  recommended  range  for  all  except  the 
C  menu  which  marginally  exceeds  the  requirement. 

The  salt  content  (Table  9)  exceeds  one  third  of  total  daily  needs,  but,  in  most 
rations,  would  be  an  acceptable  compromise  with  the  requirements  of 
manufacturing  technology  and  the  wide  variety  of  operational  requirements.  The 
salt  content  of  the  B  ration  is  excessive  due  to  the  high  salt  content  of  the  meat  balls 
with  sweet  &  sour  sauce  meal  (2.25%).  This  supports  the  conclusion  that  the  salt 
content  of  this  meal  exceeds  specification. 

The  vitamin  content  (Table  10)  is  not  deficient  despite  the  failure  to  fortify  the 
main  meal  items  to  specification.  This  is  because  many  of  the  main  meal  items 
have  substantial  quantities  of  vitamins  naturally  present.  Most  menus  have 
around  the  recommended  daily  dietary  intake  for  thiamine,  ascorbic  acid  and 
riboflavin  and  at  least  half  the  recommended  daily  dietary  allowance  for  niacin. 
This  is  in  excess  of  the  requirement  normally  associated  with  the  energy  content 
of  the  ration.  The  C  menu  has  5  times  the  thiamine  content  due  to  adequate 
fortification  of  the  chicken  &  vegetable  meal,  which  is  closer  to  the  design 
specification.  The  evidence  to  date,  discussed  above,  shows  that  as  expected, 
riboflavin  and  niacin  are  stable  and  that  thiamine  and  ascorbic  acid  are  unstable 


40 


during  storage.  Recent  research  (unpublished)  has  shown  that  there  can  he  losses 
of  one  third  of  ascorbic  acid  and  thiamine  during  normal  cooking  t>f  fresh  rations, 
and  further  decline  in  concentration  of  ascorbic  acid  during  storage  at  serving 
temperatures  to  negligible  levels  after  2  hours.  De  Ritter  (1982)  has  shown  that 
losses  of  ascorbic  acid  (up  to  91%)  and  thiamine  (up  to  85%)  may  be  even  gre.iter 
depending  on  the  cooking  method.  Thus,  feeding  "fresh  rations"  in  the  field  may 
exacerbate  rather  than  correct  ascorbic  acid  and,  possibly,  thiamine  deficiencies 
Furthermore,  operational  needs  may  well  cause  IMCR  to  be  used  in  conjunction 
with  other  ration  packs.  Thus,  fortification  with  thiamine  and  ascorbic  acid  is 
necessary  to  ensure  thi-i  sufficient  remains  to  meet  the  user's  needs  over  the 
storage  life  of  the  ration. 


3.7.2  Revised  Combat  Ration  One  Man  (CRIM) 

CRIM  has  been  designed  as  a  sole  food  source  for  active  soldiers  tor  periods  of  up 
to  30  days  in  a  war  emergency  (IXDD,  1988)  These  users  can  be  expected  to 
expend  energy  at  a  rate  exceeding  a  grade  2  level  of  activity  (Table  1 )  and  mav 
often  exceed  a  grade  3  level  of  activity  (Morrissev  et  al  ,  1989,  Morrissev  et  at 
1990). 

The  energy  content  of  the  ration  (Table  8)  is  considerably  less  than  that  in  the 
previous  version  of  the  ration  (13,700  to  14,8(X)  kj,  )ames  el  al ,  The  average 

energy  content  (12,3.58  kJ)  is  1,442  kJ  deficient  with  respect  to  a  grade  2  lev  el  ot 
activity,  the  minimum  energy  expenditure  expected  of  users  This  deficiency  in 
energy  would  be  the  equivalent  of  39  g  of  body  fat  lost  per  dav  Ov  er  the  period 
of  a  short  patrol  (5  days)  one  would  not  expect  a  serious  loss  ot  b('dv  mass  but  a'- 
energy  expenditure  is  likely  to  greatly  exceed  a  grade  2  level  ivt  activ  itv 
(Morrissey  W  a!.,  1989;  Morrissey  el  al ,  1990)  there  are  iikelv  to  (^e  signitKant 
losses  in  body  mass  by  users  If  the  ration  were  used  for  the  full  war  emergenev 
period  of  30  days,  then  there  would  be  a  serious  loss  of  boifv  ti'-sue  bv  u'-ers 
These  losses  would  eventuallv  detrimentally  affect  comlMt  perforinanie  ot  t)ie 
users. 

The  proportion  of  energy  derived  from  fat  (Table  8)  h.is  been  n-duced  to  les*- 
than  30%  (nutritional  guideline  FAO/WHO,  1978)  in  all  but  the  C  ration,  witfi  an 
increase  in  the  proportion  from  carbrvhydrale  The  average  fat  content  has  been 
reduced  from  132  g  (James  el  al ,  1988)  to  92  g  per  ratic'n  pack  (1  able  The 
contribution  of  energy  from  protein  (Table  8)  is  similar  to  that  prov  iifed  bv  tfie 
previous  menus  (10  to  14%,  James  ct  al ,  1988) 

There  are  three  factors  contributing  to  the  lower  energy  content  of  the  revis'd 
CRIM.  Firstly,  some  of  the  old  components  (e  g  Luncheon  meal  type  J )  contained  a 
higher  proportion  of  fat  and  a  lower  proportion  of  moisture  than  the  replacement 
components  (e.g.  Beef  &  torlellini)  These  old  components  were  replaced  due  to 
poor  user  acceptability  (Forbes-Fwan  and  Waters,  1986)  Secondly  current 
manufacturing  trends  are  toward  the  use  of  leaner  meat  cuts  to  reduce  tat 
consumption  in  the  general  population  Thus,  compements  prepared  from  these 
cuts  will  have  lower  fat  and  therefore  lower  energy  content  Thirdly,  v>me 
components  exceed  maximum  moisture  specifications  (Table  6),  which  means  that 
the  energy  content  is  diluted  compared  to  the  specification  requirement 
The  salt  content  (Table  9)  has  been  reduced  by  2  g  m  the  new  ration  lav  erage 
17.2  g)  compared  with  the  previous  version  ( 19  4  g,  James  el  al  1988)  This 
approaches  the  desirable  maximum  of  15  g  .md  two  r  umus  are  less  than  this 
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jmt>unt  I  hi*  hi^h  s.ili  in  ttu*  (.  mi*nii  is  ldrgi*l>  Jut'  tn  ihi  luiiihrnn  rtuui  ,,  inJ 
thf  heef  jnJ  yrut’i/  ts  hu  h  mntribute  ^  2  nt  of  sdit  hirween  them  I  he  suit 
Ci'nfributed  by  the  soup  and  (^ravy  bases  has  been  lonsiderabiy  reduieii  to  .1  mort- 
acceptable  10  to  16“.>  No  items  have  been  cited  (  I  able  6)  as  tailin)^  salt 
specitications,  but.  as  discussed  earlier,  some  items  could  be  interpreted  as  tailing 
the  salt  specitication  Na  exceeds  the  upper  limit  recommended  by  the  Nil  i 
V1RC  (1487),  howevc  as  users  may  have  need  to  acc  limatise  to  warmer 
conditions  there  would  be  need  for  salt  in  excess  of  the  recommended  amount  tor 
normal  civilian  cxcupations  Approximately  a  third  of  the  ac  ailable  \j  i2  M  ct' 
can  be  taken  at  the  discretion  of  the  user  as  salt  Ihus,  4  4  to  t>  n  Na  are 
incorporated  in  the  various  NmicI  items  around  twice  the  amount  rtsommenJed 
bv  the  NH  &  MRC  (Table  li 

The  concentration  ot  the  c  1  tar  tuns  rih<  it  lav  in  and  mac  in  in  the  1 1  mipi  ineiil--  1 
this  ration  ( 1  able  lOi  compared  w  ith  the  rec^uiremc-nl  l  1  able  I  1  show  no  cause  tor 
concern  Total  ribotlavin  ci>ntent  exec-eds  the  rec^uiremenl  tor  i  ^raJe  1  iecel  I 
activity  and  tar  excc-eds  the  rec^uirement  to  process  the  ener^s  as  ailable  in  ttu 
ration  T  otal  niacin  c  on  tent  is  ot  the  order  ot  the  recjuirement  lot  .1  ^raJe  2  le\  ei  oi 
activity  and  exceed  the  recjuirement  to  prtxess  the  available-  ener^v  in  all  menu-, 
c  ccept  the  A  mc*nu  hurthc'r  niacin  can  be  derived  trom  proleir-  is  ailablc  m  il  i- 
ration 

The  initial  samples  ot  the  (487  C  R  IM  ti.iv  e  a  m.n  ti  lower  lot.n  lluaii.ine  >  .1  u  ni 
than  the  samples  sti'ted  in  warehouse's  tor  one*  \e-,ir  1  I  .ible-  IHi  1  his  sui;>'es|s  lUai 
c'lther  the  components  prov  ide'd  in  the  initial  sample  s  were  tr-  in  an  oldei 
prix  urernent  than  the'  stored  samples  or  the-  initi.i,  s.imples  m  eiv  ed  i  1  i  v  1  01 .1 
storage  treatment  troin  the-  time-  . 4  pae  kanin^;  dur  .n>;  iraiisp,  a  1  10  I  .ism.it  ,a  '■ 
re-c  e-ipt  at  tile  labs  iratorv  I  he  initial  sample's  we-r  e-  1  is  ei  v  ed  l.iu  1  H-c  en  I  -i  r  s  '  j  -  .i 
w ere-  due-  tor  deli v  erv  August  s'  While  awaiting:  dt-li  \  e-r\  Ihesi-  sainj'li  --  in.i . 
hav  t- (x-c-n  held  in  V  e-rv  poor  conditions  in  bv  dne-v  or  Me-lbour  lu-  som,  items  even 
tound  to  have  ditterent  batch  luimlx-rs  which  shows  that  si.iiu-  ot  tiu-  piev  .ous 
prixurernent  com^-Kinents  have  bex-n  stortxl  tor  an  additional  veat  be-tore  bi-m^ 
pac  kaj^t'd  into  rations  Inspe'ction  ot  the  individual  results  sho-.vs  that  som,  leiiis 
le  ^  lOttff  and  ,  Mis  e/ar«’)  w  hic  h  stiould  have-  Ixx-n  tortilu-d  had  no  di-lei  l.ibli 
thiamine  Most  ot  the  thiamine  in  the  ration  v\ as  t. -und  in  items  with  no 
recjuirement  tor  tortitic  ation  It  thc'sc'  initial  -sai’.ple-s  1  lable-  Idi  art-  repie-sc-ntativ  e 
ot  the  ration  as  rexei v c-d  bv  the  usc'rs  then  thc-re  is  c onsiderable  c  ause-  tor  c  oiu  e-rn 
as  three  menus  containcxi  less  than  the  recjuirement  ot  thiamine  1  I  able  1  1  It  the 
ration  stored  for  one  year  is  more  representative  then  there  is  no  c  ause  tor  conc  ern 
as  the  content  exceeds  twice  the  recjuirement 

The  total  ascorbic  acid  content  in  the  ration  stored  for  one  year  averaj'es  ot 
the  initial  content  (Table  10)  Even  at  this  stage  it  averages  over  threx'  time's  the 
recjuirement  (Table  1 )  The  rations  which  have  the  highest  content  of  ascorbic  acid 
after  one  year  are  those  with  fruit  canjy  instead  of  suwf  and  sour  catuiy  Surrf  and 
sour  landy  is  not  fortified  with  ascorbic  acid,  while /rait  candy  has  been  fortified 
fruit  candy,  as  discussed  above,  has  been  shown  to  stabilise  ascorbic  acid  for  up  to 
four  years  It  contains  sufficient  ascorbic  acid  to  meet  the  daily  recommended 
intake  If  is  recommended  that  sttxrt  and  sour  candy  be  fortified  to  the  same  level  as 
fruit  candy  Another  major  contributor  to  total  ascorbic  acid  are  the  fruit  drink 
powders,  however,  Forbes-Ewan  and  Waters  (1986)  showed  that  the  old 
formulation  was  discarded  by  many  users.  There  is  no  evidence  to  show  that  the 
new  formulation  has  been  accepted  by  the  users,  who  may  still  discard  this  item 
The  remaining  items  with  significant  concentrations  of  ascorbic  acid  have  been 
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shown  to  be  piH>r  carriers  and  are  unlikely  to  retain  suHicient  to  remain  significant 
contributors  Thus,  there  is  need  to  identify  additional  components  suitable  for 
ascorbic  acid  fortification 

The  contents  of  P,  Ca,  Mg,  Fe  and  Zn  (Table  1 1)  exceed  the  requirement 
(Table  1)  The  ratios  of  Ca  to  P  ranges  from  1  0  78  to  1  15,  which  are  close  to  the 
recommended  1  1  ratio  (Whitney  and  Hamilton.  1984).  The  average  Mg  content  is 
314  mg/ ration  which  is  close  to  that  recommended  (Table  1)  I'he  total  Ca  and  Mg 
levels  are  similar  to  the  totals  found  in  the  previous  CRIM  (James,  Hancock  St 
Tattersall,  1985)  Fe  and  Zn  although  in  excess,  reprrjsent  no  known  toxic  hazard 
as  the  totals  are  well  below  daily  intakes  known  to  lead  to  toxic  symptoms 
(Roeser,  1986,  Dreosti,  1982) 

The  total  Cu  contents  (Table  11)  are  deficient  with  respect  to  the  requirement 
(Table  1 )  tTnly  menu  B  is  clirst'  as  it  barely  meets  the  minimum  recommended 
dailv  intake  The  total  Cu  found  was  marginally  less  than  the  total  found  in  fhe 
previous  CRIM  (James  et  al  .  1985)  there  are  also  similar  deficiencies  in  some  of 
the  IMCR  menus  (James  ct  jl  .  1988)  The  CRIM  ration  is  energy  deficient  at  the 
levels  of  activ  itv  required  of  Australian  st'rvnemen  and  this  deficiency  of  C  u 
could  be  regarded  as  part  of  this  general  deficiency  However,  the  civilian 
population  IS  expected  to  attain  the  required  intake  of  copper  with  a  much  lower 
energy  consumption  Iheretore,  the  CRIM  ration  is  regarded  as  Cu  deficient 

C  d  concentrations  m  treirzf  cirieJ  rue,  ifreal  his<uils,  but  on  ir  fx’Uii^,  fruil  cuiiiiy 
"wn'iixi/  biscuit'  and  feu  marginally  exceed  the  limits  set  by  the  NM  St  MRt  ( 194i)) 
Most  components  hati  undetectable  concentrations  of  C  cf  I  he  total  tor  the  v  arious 
menus  ranges  from  less  than  10  pg  to  40  ug  which  is  considerably  less  than  the 
minimum  dailv  (200  |Jg)  intake  knovv  n  to  cause  urinary  ti'xicitv  'vm)’lonis  (Spivev 
fox  IUH8) 

I’b  concentration  in  'ruiiyc  fyirriiyc  /x'leiicr  marginally  exut-ds  the  limit  set  hv  the 
Nl  1  &  MKC  I  luUi))  ('lit  tins  vs  ill  be  considerably  diluted  vs  hen  used  Most 
c  omporients  had  no  detec  table  I’b  I  he  tol.il  tor  the  v  arious  mc-nus  rangi-s  (tom 
0  2  mg  to  0  4  mg  C  oncern  has  been  exprc'ssed  that  ev  en  very  low  i  one  enirations 
ot  I’b  may  have  adverse  effects  on  the  nervous  system  (Spivev  l  ot  lOHKi 
Mowev  er  etc  ept  tor  c  ases  ot  contaminated  soil.  tiK>d  is  not  regardeef  as  the  ma|or 
risk  of  I’b  toxic  ity  rather  the  ma|or  risk  arises  from  airborne  dust  and  lumes 
Since  almost  ail  the  concentrations  were  within  the  Nl  I  &  MKl  guidelines  (  Wuui 
these  totals  are  considered  sate 

When  using  these  raticms  it  is  assumed  that  the  user  commences  use  in  a  giKsi 
nutritional  state  The  user  s  body  reserves  of  energy,  ascorbu  acid  thiamine  ancf 
copper  will  be  u.sed  to  meet  any  deficit  between  intake  from  the  (.  KIM  and 
expenditure  undertaking  operational  activities  depending  on  the  initial 
nutritional  status  and  the  actual  level  of  activity,  the  user  can  be  expected  to 
perform  well  for  one  to  three  weeks  Toward  the  end  of  this  peruxl  some  loss  of 
performance  can  be  expected 


4.  Conclusions 

Ascorbic  acid  was  found  to  be  relatively  stable  in  fruit  cundv.  new  formulation 
fruit  drink  p>owders,  href  nixxi/r  and  )>ra  fr  ham  soup  powders,  but  less  stable  in 
chicken  noodle  and  tomato  Miup  powders  No  other  variables  have  been  identified  to 
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explain  these  differences.  It  could  be  due  to  the  differences  in  the  fcx)d  matrix, 
however,  it  is  more  likely  to  be  due  to  ineffective  sealing  of  packaging. 

Ascorbic  acid  was  found  to  be  unstable  in  chocolate,  instant  coffee,  IMCR  main 
meal  components  and  unsweetened  condensed  milk.  Encapsulation  was  found  to 
improve  the  ascorbic  acid  stability  marginally  in  chocolate  only  if  added  after 
refining.  Ascorbic  acid  stability  was  found  to  be  very  temperature  dependent  with 
a  decline  in  stability  developing  at  around  20“C.  This  effect  was  found  to  be 
dramatic  above  30“C  and  leads  to  concern  that  ascorbic  acid  concentrations  would 
decline  rapidly  during  summer  in  normal  warehouse  conditions. 

There  is  need  to  find  more  carriers  suitable  for  fortifying  with  ascorbic  acid.  The 
most  successful  carriers  for  ascorbic  acid  would  be  confections  similar  to  fruit 
candy,  ie.  'CHEERS';  the  new  fruit  drink  formulations  used  in  the  revised  CRIM 
have  also  shown  promise,  but  would  depend  on  a  good  packaging  seal. 

Thiamine  was  found  to  be  unstable  in  instant  coffee,  IMCR  main  meal 
components,  soup  powders,  and  chocolate.  The  results  on  cereal  products  stored 
for  one  year  in  the  revised  CRIM  suggest  that  thiamine  is  relatively  stable  in 
cereal  products.  This  would  suggest  that  thiamine  could  be  relatively  stable  in 
some  freeze-dried  components,  as  the  protection  is  largely  derived  from  the  low 
moisture  conditions  preventing  degradation  reactions  proceeding.  The  results 
suggest  that  a  successful  strategy  would  be  to  fortify  to  a  level  sufficient  to  ensure 
adequate  thiamine  remains  to  meet  nutritional  needs  after  normal  storage. 

If  the  remaining  products,  such  as  wet  canned  meals,  are  to  be  used  as  carriers 
for  ascorbic  acid  and  thiamine  fortification,  then  they  must  be  stored  below  20“C 
This  cannot  be  achieved  in  mainland  warehouses  during  summer  without 
providing  better  facilities.  An  alternative  would  be  to  store  rations  in  warehouses 
normally  at  temperatures  below  20‘’C,  such  as  the  Hobart  and  Puckapunyal 
warehouses.  These  products  could  only  be  stored  in  tropical  warehouses  for  a  few 
weeks,  and  it  would  be  desirable  for  cool  storage  to  be  provided  in  such 
warehouses.  If  better  facilities  cannot  be  provided  then  the  fortification  of  these 
products  should  be  increased  to  compensate  for  the  losses  through  degradation 
during  storage. 

Riboflavin  was  found,  as  expected,  to  be  relatively  stable  in  IMCR  main  meal 
components  and  soup  powders,  and  should  meet  nutritional  needs  without 
fortification. 

Niacin  was  found,  as  expected,  to  have  adequate  stability  in  IMCR  main  meal 
components  and  soup  powders.  There  is  adequate  niacin  available  in  rations  to 
meet  nutritional  needs  without  fortification. 

It  is  almost  impossible  to  police  a  salt  specification  while  it  is  stated  in  terms  of 
added  salt.  At  least  two  IMCR  meals  are  exceeding  the  planned  salt  content  of 
076%  This  specification  should  be  set  in  terms  of  a  maximum  including  natural 
levels,  that  is,  total  salt 

ACAL  methods  of  treating  some  samples  are  not  adhering  to  the  statistical 
design  of  the  sampling  program.  Their  treatment  of  samples  must  be  adjusted  so 
that  the  complete  set  of  data  points  is  available.  Should  legal  action  be  desired, 
this  sampling  treatment  could  lead  to  such  action  being  unsuccessful. 

The  nutrient  levels  in  IMCR  are  generally  adequate  for  their  designed  purpose. 
However,  the  storage  stability  of  thiamine  and  ascorbic  acid  in  them  is 
unsatisfactory  As  the  ration  is  only  designed  for  intermittent  use,  there  is  unlikely 
to  be  any  problem  However,  if  the  user  is  also  being  fed  by  catering  systems  with 
long  holding  times,  as  may  occur  in  some  messes,  or  with  hot  box  supply  of  "fresh 
fcKxl"  in  the  field,  then  over  a  period  of  a  few  weeks  some  users  could  develop 
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deficiency  problems.  A  particular  concern  would  be  heavy  alcohol  drinkers,  who 
tend  to  be  at  risk  in  normal  civilian  conditions. 

The  nutrient  levels  in  the  revised  CRIM  are  deficient  for  use  by  Australian 
servicemen  undertaking  normal  military  activities.  The  total  amount  of  energy 
derived  from  the  nutrients  is  not  even  adequate  to  meet  the  minimum  energy 
expenditure  found  in  practice.  Thus,  there  is  need  to  increase  the  energy  content 
of  the  ration,  preferably  to  around  15,000  kj,  which  would  meet  the  minimum 
requirements. 

The  vitamins  remaining  after  one  year  warehouse  storage  does  suggest  that 
sufficient  should  be  available  when  consumed  to  meet  the  users  needs.  Ensuring 
that  fortification  specifications  are  met  would  assure  sufficient  is  available  at 
consumption. 

All  the  efforts  to  design,  prepare  and  issue  well  designed,  nutritionally  balanced 
rations  will  be  defeated  if  users  discard  items.  An  educational  program  directed 
at  users,  caterers,  their  officers  and  medical  officers  to  make  them  aware  of  the 
ration  design  and  functions  of  the  various  components  should  be  justified  on 
efficiency  and  effectiveness  criteria. 


5.  Recommendations 

1  ADFFS  (DPI,  1984/8)  must  be  observed  and  enforced 

2.  ADFFS  (DPI,  1984/8)  include  a  requirement  to  use  the  head  space  correcting 

method  of  gauge  pressure  determination. 

.3.  Fruit  candy,  sweet  and  sour  candy,  and  any  other  similar  candies  require 
fortification  with  ascorbic  acid. 

4  Fortification  of  cereal  products  with  thiamine  be  considered 

5.  The  storage  stability  of  thiamine  and  ascorbic  acid  be  investigated  in  free/.e- 
dried  products. 

6.  The  energy  content  of  the  CRIM  be  raised  to  15,000  kJ. 

7.  The  fat  specification  for  selected  components,  such  as  main  meal  items, 
include  a  lower  as  well  as  an  upper  limit. 

8.  An  educational  program  be  prepared  and  used  to  make  users,  caterers,  their 
officers  and  medical  officers  aware  of  the  functions  of  the  various  ration 
pack  components. 

9  Action  be  taken  to  ensure  that  quality  assurance  sampling  and  analysis 
adheres  to  ADFFS  (DPI,  1984/8). 

10.  ADFFS  (DPI,  1984/8)  specifications  in  terms  of  added  salt  be  rewritten  in 
terms  of  total  salt  in  the  finished  product. 
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